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PROVISION OF FURTHER 
EDUCATION 


HERE are already clear indications that 

mounting costs alone will necessitate in the near 
future some careful scrutiny of educational expendi- 
ture in Great Britain and some re-determination or 
assessment of priorities, even if it is possible to 
maintain the votes from Parliamentary funds at their 
present level for current expenditure, quite apart 
from capital grants. One such pointer at the univer- 
sity-levél is the plain warning given in the last 
annual report of the University of Oxford that defer- 
ment of building applications will be for longer 
periods in future, and the admission that the joint 
building committee of the University and the colleges 
has already been compelled to choose between the 
new Inorganic Chemistry Laboratory and the next 
stage of Nuffield College. The Workers’ Educational 
Association has examined some of the issues in its 
recent pamphlet on educational expenditure, and the 
postponement of the county colleges scheme received 
adverse comment at the Association’s conference at 
Harrogate in October. The statement regarding the 
mounting cost of school text-books, which the 
Educational Group of the Publishers Association has 
prepared, directs attention to a factor which affects 
2ducation at all levels, although it presses chiefly on 
the estimates in the schools. 

In this situation, with the severe limits which the 
rearmament programme is likely to set for some years 
to come to the proportion of the national resources 
of Britain which can wisely be allotted to education, 
it is imperative that there should be careful fore- 
thought and searching discussion over the whole 
field before action is taken. Although in education, 
as elsewhere, there may well be opportunities, and 
especially on the administrative side, for numerous 
small economies appropriate to a time of austerity or 
emergency, which in the aggregate might prove sub- 
stantial, it is essential that such economies should 
not be taken without regard to possible repercussions 
elsewhere. Otherwise educational policy may well 
become unbalanced, and quality and standards 
may be sacrificed to quantity, with perhaps 
irreparable damage to long-term interests. At 
least a hint of this possibility is given in the 
Statement on Higher Technological Education issued 
in September. 

If such consequences are to be avoided, educational 
bodies of all kinds should be looking ahead and 
deciding for themselves what pruning would be wise, 
what measures or developments could safely be 
postponed, and what expansion is imperative even at 
the present time. The argument for such expansion 
should be developed so that the case can be cogently 
urged and presented against the background of other 
claims for full consideration at the appropriate level 
for approval and action. This is clearly being done 
in some quarters, as the report from the University 
of Oxford already mentioned shows; but what is 
less certain is that proper regard is being had to the, 
inter-relationships of education policy at the different 
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levels and the opportunities that may exist for 
readjustment and possibly economy by some 
co-operative action. 

The survey of the English universities and adult 
education which has recently been made by Mr. 
S. G. Raybould, director of the Department of 
Extra-mural Studies in the University of Leeds, and 
published by the Workers’ Educational Association*, 
is timely for two reasons. First, it provides an excel- 
lent exposition of the fundamental importance of 
adult education for the effective functioning of our 
Parliamentary institutions and indeed of democracy 
in general, and shows the dependence of good adult 
education upon education policy and practice at all 
levels from the universities to the primary schools. 
It is a resultant of numerous factors, and this survey 
is a welcome reminder of the need for caution in 
dealing with a complex situation. Secondly, Mr. 
Raybould’s survey emphasizes the need for a thorough 
re-consideration of the place of the universities in 
extra-mural work, and the nature and extent of their 
contribution to adult education. It is clear from his 
book that some universities at least are far from 
having given the thought and attention which this 
work demands: they are not even clear as to 
whether or not extra-mural work or adult education 
are appropriate functions ef a university. If the 
universities are not clear as to the justification for 
an expenditure which Mr. Raybould estimates else- 
where as of the order of haif a million pounds in 
1949-50, mistakes—possibly disastrous mistakes— 
are likely to be made at a time of retrenchment. 

The extra-mural work of the universities in Britain 
has been twice reviewed in this century in published 
reports: first, in the report of 1909, under the title 
“Oxford and Working-class Education’’, which con- 
tributed largely to the development of the university 
tutorial class and the institution of university joint 
committees for tutorial classes in every university in 
the country, and ten years later in the final report 
of the Adult Education Committee of the Ministry of 
Education. Many of the recommendations of the 
latter Committee, including that for the establish- 
ment at each university of an extra-mural department 
with an academic head, have since been implemented. 
There is now only one English institution of univer- 
sity rank without such a department ; but no reports 
of comparable standing, reviewing developments and 
assessing needs in relation to thoroughly considered 
and clearly stated principles, have appeared during 
the past thirty years; and it is clear that, apart 
from the present emergency, some such review is 
urgently needed to guide the expansion of university 
work in this field and to resolve the doubts and 
hesitancies of some universities by facilitating both 
general agreement as to the proper functions of the 
universities in this field and the common policy they 
might pursue. 

References in the reports of the University Grants 
Committee indicate that the question has not been 
entirely overlooked. The report for the quinquennium 
1929-30 to 1934-35, which accepted the view that 


* The English Universities and Adult Education. By S. G. Ray- 
bould. Pp. —_—— (London: Workers’ Educational Association, 


1951.) 7. 
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adult education is an integral part of the normal 
activity of the universities, with a legitimate claim 
on their interest and financial support, recognized oyen 
then that new factors like broadcasting were changing 
the educational background. In the subsequent 
report issued in 1948, and again in Sir Walter 
Moberly’s book “The Crisis in the University” a year 
later, the arguments against university participation 
in adult education were set forth succinctly. Ihe 
position of the universities in relation to their revions, 
against which their extra-mural work now increasingly 
tends to be focused, have been set forth in gen ral 
terms in Bruce Truscot’s ‘““Redbrick and these Vital 
Days”, in Prof. B. Dobrée’s Earl Grey Memorial 
Lecture in 1943 and in articles in The Universities 
Quarterly. There has not, however, been the detailed 
examination of present arrangements and performance 
which could contribute much to establishing the 
soundness or unsoundness of the criticism of university 
participation in this field. 

Mr, Raybould recognizes that any such examination 
cannot be entirely conclusive, because only in part is 
the examination of statements of fact possible : 
such facts as can be assessed do not necessarily 
indicate adequately what might be possible, and 
some of the most important elements for a qualitative 
judgment cannot be readily communicated in words, 
except possibly to those with first-hand acquaintance 
with adult education in practice. The quantitative 
aspect, too, is important at this juncture, and Mr. 
Raybould has attempted in his book to bring together 
information on the relations between extra-mural 
and internal work, the nature and duration of courses 
and the kinds of tutors employed, and to put it along- 
side the criticisms advanced in the University 
Grants Committee’s report and Sir Walter Moberly’s 
book. 

Attention is rightly directed by Mr. Raybould to 
the help which the universities might give appro- 
priately by promoting systematic thought and inquiry 
about adult education as a distinctive branch of 
study ; but this alone is not enough. There was 
never a time when there was greater need at the 
Ministry of Education for more imagination, creative 
thinking, vision and energy, if an adequate education 
policy is to be implemented. This is essential to 
ensure not merely that the growing generation is 
adequately trained to play its part in the complex 
world of to-day, but also that the proper balance is 
maintained between the different levels of education, 
the best use made of our limited resources of materials, 
and proper provision made for further education, 
on which both industrial efficiency and productivity 
and equally the smooth functioning of democratic 
institutions depend. This is not a matter which 
concerns the Ministry alone; the universities and 
the University Grants Committee and industry have 
their own parts to play. But the critical part is that 
of the Ministry of Education ; and however fully the 
universities respond to Mr. Raybould’s challenge, the 
future of adult education, and the extent of its con- 
tribution to technical efficiency and productivity and 
the functioning of our democratic institutions, will 
depend largely on whether Miss Florence Horsbrugh, 
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the new Minister of Education, brings to her office 
more than administrative ability ; she must have also 
the vision and grasp of essential issues, the firmness of 
decision, and the energy in action which are required 
alike to resist sectional pressure and to promote the 
policy which the country needs. Educational policy is 
of such critical importance, and the damage which 
unwise retrenchment can do is so great and irre- 
parable, that the exclusion of the Minister of 
Education from the new Cabinet will be viewed with 
regret by ali who appreciate what is at stake. It 
cannot but make Miss Horsbrugh’s task more difficult 
in securing either the right economies or the increased 
spending which in technical education, and especially 
in technological education, is imperative even to-day. 


No. 4282 





LECTURES ON THEORETICAL 
PHYSICS 


Vorlesungen uber theoretische Physik 
Von Prof. Arnold Sommerfeld. Band 1 : 
Vierte, neubearbeitete Auflage. Pp. xii+ 276. 


Mechanik. 
18 D. 


marks. Band 2: Mechanik der deformierbaren 
Medien. Pp. xv+376+4 plates. 18 D. marks. 
Band 3: Elektrodynamik. Pp. xvi+368. 18 D. 
marks. Band 6: Partielle Differentialgleichungen 


der Physik. Pp. xili+ 332. 18 D. marks. (Wiesbaden : 
Dieterich’sche Verlagsbuchhandlung, 1947-1949.) 

CYCLE of lectures on theoretical physics is a 

normal feature in a Continental university. 
The lectures, which would be attended in general by 
mathematicians and physicists, form a three-year 
cycle; each section is made self-consistent. The 
present series is based on such a cycle, given by one 
of the greatest teachers of theoretical physics. In 
Great Britain, where theoretical physics is just 
beginning to be recognized as a separate subject, 
some of this material would appear in lectures on 
applied mathematics, some as part of a physics 
course and some of it not in any undergraduate 
course. These .books, therefore, cannot serve directly 
as texts for any of the standard courses, but they 
provide many ideas that could be incorporated with 
advantage. The emphasis is always on the physical 
concepts. Mathematical techniques are developed, 
where they are necessary, with Sommerfeld’s charac- 
teristic skill, but they are never allowed to become 
aims in themselves. 

The course on mechanics covers, in one semester, 
what would take about two years in a British honours 
course. Of necessity, therefore, it is somewhat short 
on points of detail, but what is omitted is mostly 
manipulation. Statics, as such, occupies only about 
five pages, and this in my opinion represents a correct 
assessment of its didactic value. There is a good 
selection of examples which provide a welcome 
change from the ‘ladder-leaning-against-a-wall’ type. 
This is followed by a section containing detailed and 
instructive comments on the solutions of each 
problem. 

In the second volume hydrodynamics and elasticity 
are treated together. Thus the general principles can 
be treated in a concise and transparent way. The 
emphasis is very strongly on the general principles, 
in this case somewhat at the expense of mathematical 
techniques. In the later sections on hydrodynamics, 
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such relatively advanced problems as boundary 
layers and turbulence, as well as supersonic flow and 
shock waves, are mentioned, whereas the treatment 
of the theory of potential flow is brief and the method 
of complex variables has been completely omitted. 

Vol. 3 builds up Maxwell’s equations from the 
familiar integral theorems, giving enough examples 
to bring out the significance of each term in the 
equations, and the later chapters then show how one 
solves them. Here again, potential theory is passed 
over quickly, whereas those problems the solutions 
of which involve new physical principles are discussed 
at length. Relativity and the Lorentz theory of the 
electron are covered fully, and there is a short chapter 
on the equations for moving media. 

In the preface to Vol. 6, on the differential equations 
of mathematical physics, Sommerfeld refers to ‘‘the 
pre stabilized harmony” between what is interesting 
mathematically and what is relevant physically ; and, 
in fact, this volume illustrates particularly well his 
attitude to mathematics, in his insistence on cor- 
relating his mathematics with the physical situation 
at every step. In every case the object of a mathe- 
matical argument is not to provide rigorous proof, 
though he is quite capable of rigour where the validity 
of a step is in doubt, or where one has to guard 
against dangerous exceptional cases. But the chief 
interest is always in showing a new concept to be 
reasonable, because it corresponds closely to a 
significant feature of the physical situation, and to 
be useful for getting practical results. Fourier series 
and integrals are discussed together. The general 
properties of partial differential equations, including 
their characteristics, are summarized and illustrated 
by a full discussion of problems in heat conduction. 
A chapter on spherical harmonics and Bessel func- 
tions is followed by a discussion of eigenvalue 
problems in general, and the last chapter, by way of 
illustration, covers the classical theory of radio 
waves, to which Sommerfeld has made so many 
basic contributions. 

To me these volumes represent an almost perfect 
choice of topics for a basic course on theoretical 
physics, though I must admit some prejudice in this 
matter, having learnt most of my theoretical physics 
from Sommerfeld’s lectures. It is not clear whether 
the missing two volumes on optics and on thermo- 
dynamics and statistics are to be published ; it would 
be a serious loss if before his death Sommerfeld had 
not carried the work on these to a point where others 
could complete it. I shall eagerly await an English 
translation of this series, so it can be made available 
to at least some English-speaking undergraduates. 

R. E. PEIERLS 


ELEMENTARY GENETICS 


Elementary Genetics 

The Physiology of Descent. By Wilma George. Pp. 
vii+172. (London: Macmillan and Co., Ltd., 1951. 
10s. 6d. net. 


RITING an elementary book on genetics is 

certainly a difficult task: a large number of 
essential facts, the theories that unify them and 
some speculations as to future developments have to 
be concentrated into less than two hundred pages. 
None of the previous few books of this kind succeeded 
in striking a sound balance and the present one is no 
exception. In one important respect, however, it 
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distinguishes itself, namely, the large amount of 
relevant and well-chosen factual information which 
it conveys very successfully. For this reason alone 
this book constitutes a valuable contribution. The 
non-specialist student who wishes to gain a general 
idea of the experimental evidence on which genetics 
is based will find the answer here. The choice of 
appropriate examples is definitely an original and 
useful feature of this book. Also commendable is the 
stress laid upon the part played by genes in morpho- 
genesis and in particular the way in which this 
matter is treated in a chapter on gene-interaction. 

Other good features are the treatment of mutation, 
including a summary of the biophysical approach, 
and that of the genetic aspects of evolution, com- 
pressed into two clear chapters. Statistical methods 
appear not once in the whole book, a matter which 
may be regretted even by those, like the reviewer, 
who consider statistics as a useful, indeed indis- 
pensable, evil. Among the serious shortcomings of 
the book is a lack of critical attitude which leads to 
confusion about the fundamental concepts of genetics. 
For example, clear definitions of gene, allele and 
locus are not given, and these terms are used 
inconsistently. 

Despite these shortcomings this book is an attempt 
to produce something which is badly needed, and it 
is certainly the most successful of these attempts. 

G. PONTECORVO 


FREUD’S “TOTEM AND TABOO” 


Totem and Taboo 


Some Points of Agreement between the Mental Lives 


of Savages and Neurotics. By Sigmund Freud. 
Authorized translation by James Strachey. Pp. xi+ 
172. (London: Routledge and Kegan Paul, Ltd., 
1950.) 14s. net. 

T is interesting to re-estimate the value of a work 

originally published nearly forty years ago. This 
book of Freud’s first consisted of four essays pub- 
lished in Imago and represented his earliest attempt 
to apply psycho-analysis to problems of social 
psychology. The book aimed at arousing the interest 
of a wide circle of educated readers, and succeeded. 
The reaction, on the whole, except among those 
already attuned to psycho-analytic concepts, was 
one of acute shock. This was so among anthropo- 
logists as much as any, since the main themes taken 
for analysis—incest, exogamy, taboo, magic and 
totemism—were important to anthropological theory, 
and Freud used much anthropological material in 
his analysis, while going far beyond the bounds of 
the then range of anthropological thought. 

On re-reading the book after a lapse of time one 
finds the shock much reduced. There are the same 
ethnographic lacune and mistaken generalizations, 
the same feeling of unreality about the mental lives 
of the ‘savages’ in whom Freud saw so many points 
of agreement with neurotics. Any treatment is bound 
to seem defective if it includes such statements as 
that originally totems were inherited only through 
the female line (p. 107); that totemism constitutes 
a regular phase in all cultures (p. 108); that the 
desire to break taboos is always unconscious (p. 31) ; 
that in primitive men the process of thinking is still 
to a great extent sexualized (p. 89); that primitive 
men are uninhibited, thought passing directly into 
action (p. 161). Further, the hypothesis of the 


NATURE 


November 24, 195] 


break-up of the primal patriarchal horde by the 
killing of the father and eating his remains is just as 
ludicrous as ever, when put forward as a historica/ 
occurrence and the basis of the commemorative act 
of the totemic meal. 

But there is more strength and subtlety of argu- 
ment in the book than anthropologists were originally 
prepared to credit it with. Even the fantasy of the 
murder of the patriarchal father may have a certain 
suggestiveness if looked at not as history but as 
hinting at a possible set of symbolic elements jn 
totemic rites. Freud’s own critique of the totemic 
theories of the time is usually shrewd and, in its stress 
on the need for examining emotional rather than 
rational characteristics of the phenomena, on sound 
lines. His support for the arguments against 
explaining horror of incest in terms of innate instinct 
was powerful, and well directed. His frank admission 
of ignorance as to origins of various savage customs 
is refreshing. Where in part he is vulnerable is where 
he forgets his own dicta—as in suggesting that the 
Australian ‘marriage-classes’ originated in deliberate 
legislation to prevent incest when the influence of 
the totem rules began to wane. 

Modern social anthropology would not agree with 
Freud that it is precisely the incestuous factor in 
the mother-in-law and son-in-law relation that 
provides the motive for the avoidance that so 
frequently is customary between them. Com. 
patibility of social rather than sexual elements in the 
total social situation is the line of explanation now 
advanced. Yet in Freud’s citation of impulses in- 
volved in the situation of ambivalence—reluctance 
of the mother-in-law to give up her daughter, distrust 
of the stranger to whom the girl is to be handed over, 
impulse to retain the dominant position in her 
daughter’s house, man’s determination not to submit 
his wife to another authority than his own, ete. 
there is much valuable suggestion for further study. 
Relations between social anthropology and psycho., 
logy are still ill-defined and unstable. But in any 
resolution of them the work vf the psychoanalysts 
must be taken very seriously into account. It is very 
useful, then, to have this new translation of the 
pioneer work. RAYMOND FIirtu 
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THE SMITHSONIAN INSTITUTION 


The Smithsonian 

America’s Treasure House. By Webster Prentiss 
True. Pp. 306+ 64 plates. (New York: Sheridan 
House; London: George Allen and Unwin, Ltd., 
1950.) 27s. 6d. net. 


sh HE best blood of England flows in my veins ; 

on my father’s side I am a Northumberland, 
on my mother’s I am related to Kings, but that avails 
me not. My name shall live in the memory of man 
when the titles of the Northumberlands and the Percys 
are extinct and forgotten.” 

So wrote James Smithson, a lonely Englishman 
and a bachelor, in the late eighteenth century. But 
Smithson ‘was a chemist of note and a wealthy man 
in his own right, and it is perhaps one of the most 
unexplained acts in the cultural history of Great 
Britain that induced this Englishman to make pro- 
vision in his will for the establishment in Washington, 
D.C., of the Smithsonian Institution for the increase 
and diffusion of knowledge among men. How 
conscientiously the American nation has carried out 
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the spirit and letter of this will is now known to the 
world, though it is strange that it should have been 
left until 1951 for Mr. Prentiss True to tell this 
fascinating story. But even after Smithson’s bequest, 
it was the remote chance of the death of his nephew 
some six years later, leaving no child, that gave 
Washington the glorious opportunity of establishing 
such a chain of cultural centres. 

The United States National Museum with its 
thirty million objects is perhaps the best known 
museum in the world. On the other hand, it is seldom 
realized that nine other organizations, including the 
National Air Museum, National Gallery of Art, 
National Collection of Fine Arts, Freer Gallery of Art 
and the National Zoological Park are centred around 
the Smithsonian Institution. Has one man ever 
created such a focus of learning and knowledge and 
by a stroke of the pen benefited so many millions of 
his fellow men, chiefly in a country which he had 
never visited or apparently in which he was not 
particularly interested ? 

The largest part of this vast organization is the 
United States National Museum, with its six Depart- 
ments—-Geology, Zoology, Botany, Anthropology, 
Engineering and Industries, and History.. Mr. 
True deals in separate chapters with the work of these 
Departments, and in a popular and entertaining 
manner shows how the Museum has made each subject 
appeal to the general public and yet at the same time 
provide material for investigation by specialists. In 
other words, the Museum is both an exhibition and 
research centre. 

In lesser detail, the author outlines the work of the 
Bureau of American Ethnology, where the history of 
the American Indians is recorded; fascinates his 
readers by a description of the wild animals in the 
Washington Zoo ; discusses the rich collections of the 
National Gallery; and finally relates the many services 
of the Smithsonian which make available scientific 
and cultural knowledge in the United States to 
scholars all over the world. 

The book will be read with a touch of envy by those 
in Great Britain, though coupled with gratitude that 
the chosen country has fulfilled to the uttermost the 
vision of James Smithson, the lonely English bachelor. 
To describe it as an attractive and well-illustrated 
account for the lay reader and full of suggestive ideas 
for the museum specialist sums up this entertaining 
book. F. S. WALLIS 


JAPANESE MONOGRAPH OF 
LICHEN CHEMISTRY 


Chemistry of Lichen Substances 
By Prof. Yasuhiko Asahina and Assoc. Prof. Shoji 
Shibata (University of Tokyo). Pp. viii+300. 
(Tokyo: Published in Japanese by the Kawade 
Shobo Co., 1949.) 480 yen. 

ILHELM ZOPF in a classic treatise’ was the 

first worker to summarize all the work on the 
lichen metabolic products then known—some 148 
compounds had already been isolated, characterized 
and named by Zopf, Hesse and other workers—and 
he attempted to systematize them by a chemical 
classification. Prof. Y. Asahina reviewed the field in 
1939 in an article entitled ‘‘Flechtenstoffe’’* in the 
light of some one hundred publications from his 
research school at the University of Tokyo. Later, 
Prof. T. J. Nolan, of the National University of 
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Ireland, Dublin, surveyed all the lichen compounds 
the chemical constitutions of which had been estab- 
lished, using Asahina’s classification with some slight 
modifications*. 

Recent work on the isolation and chemistry of 
these interesting compounds has been carried out by 
Prof. Alexander Robertson, first at the London 
School of Hygiene and Tropical Medicine and then 
at the University of Liverpool, and by Prof. T. R. 
Seshadri, of the Andhra University, India. Interest 
in lichen products has been stimulated lately by 
numerous investigations of their anti-bacterial prop- 
erties with special emphasis on their activity as 
inhibitors of the tubercle bacillus. (See a review by 
Prof. F. Bustinza, University of Madrid.) 

This new book by Profs. Asahina and 8. Shibata, 
the first to summarize completely the field of the 
chemistry of the lichen metabolic products, is a 
valuable addition to our knowledge of the naturally 
occurring compounds. Although written in Japanese, 
it should be of considerable use to English-speaking 
scientific workers by virtue of its very many structural 
formulz and complete literature references. I under- 
stand that a translation into English is being con- 
templated. 

This publication, of some three hundred pages, has 
been written in three sections. Part 1 gives a brief 
historical sketch of lichen investigations; a classi- 
fication of lichen substances into their chemical 
groups ; while a third chapter deals with the methods 
of extraction, isolation and purification of the various 
metabolic products. 

Part 2 describes in their groups the lichen source, 
history, properties, and the structural and degradative 
chemistry of some seventy-six pure compounds which 
have had their chemistry more or less completely 
elucidated. The following compounds, not covered 
in Prof. Nolan’s review, are now described: rangi- 
formic acid ; the depsides erythrin, hiascic acid and 
hypothamnolic acid; pannarin (a depsidone); the 
anthraquinone pigment fallacin; lichexanthone ; 
two dibenzofuran compounds didymic acid and 
strepsilin; and the nitrogen-containing bitter sub- 
stance picroroccellin. Diploicin, an unusual chlorine- 
containing depsidone, isolated along with several 
other chlorinated compounds from the lichen Buellia 
canescens (Diploicia canescens Dicks), is but scarcely 
mentioned on p. 122 and should have received more 
fuller treatment in view of the work of Nolan and 
his collaborators. Diffractaic acid and a-collatolic 
acid, names assigned to two lichen acids by Prof. 
Asahina, should be discarded since they are known 
(and stated) to be identical with the compounds 
already fully described by Zopf (loc. cit.) as 
dirhizoninic acid and lecanorolic acid, respectively. 

Part 3 consists of chapters discussing the relation- 
ships between lichen substances and fungal metabolic 
products, with particular reference to the hydroxy- 
methylanthraquinones ; some biogenetic interpreta- 
tions of the formation of lichen compounds; and 
finally some work which has been recorded on the anti- 
bacterial properties of numerous lichen products and 
their derivatives. Author, species and subject indexes 


are given in English as well as Japanese. 
J. C. DACRE 


1“Die Flechtenstoffe in chemischer, botanischer, pharmakologischer 
und technischer beziehung’”’ (Jena: Verlag von Gustav Fischer, 
907). 


* Fortschr. Chem. organ. Naturstoffe, 2, 27 (1939). 

3 See “Lichen Substances” in “‘Thorpe’s Dictionary of Applied Chem- 
istry’, 7, 284 (London: Longmans, Green and Co., 1946). 

* Endeavour, 10, 95 (1951). 
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A BIOLOGICAL APPROACH TO PLANT VIRUSES 


By Dr. J. S. KENNEDY 
Agricultural Research Council Unit of Insect Physiology, Zoological Laboratory, Cambridge 


IRUS workers were recommended by Pirie! not 

to try to maintain a precarious position on either 
of two stools—the chemical, treating viruses as 
molecules, or the biological, treating them as organ- 
isms—but rather to “settle comfortably on the 
floor’’, that is, adopt a biochemical approach. The 
purpose of this article is to suggest a broader bio- 
logical approach to plant viruses. The bare answer 
to the question “What are viruses ?’ will undoubtedly 
be biochemical, and fundamentally important, but 
still bare and incomplete. A biological approach to 
viruses would be through their relations with the 
whole system—biochemical, physiological and eco- 
logical— of which they form a part. 

Plant virus research has not, in fact, developed in 
such an all-round biological way. It was agricultural 
practice which directed attention to the problem in 
the first place, and workers on the more practical 
side have had to pay continued attention to the 
wider relations of viruses. But the theoretical back- 
ground for their work is provided by a research trend 
which has been narrowing on to the virus itself. 
“The isolation of tobacco mosaic virus by Stanley in 
1935,” as K. M. Smith? has said, “was the key that 
opened the door to the study of the virus itself, 
quite apart from the disease it may cause.’’ There- 
after, as Bawden and Pirie* have said, ‘““most work 
so far has been directed toward obtaining apparently 
homogeneous preparations with the highest infect- 
ivity”’, as if viruses could best be understood in 
isolation. Study of the means and conditions of virus 
spread continues apart, as if it could make no com- 
parable contribution to virus theory. Nevertheless, 
biochemical work has led to the conclusion that “‘the 
ability to spread, or to be actively infective, is the one 
character that clearly distinguishes viruses from other 
cell constituents” (Bawden‘) ; and although insects 
provide the commonest known means of spread, it is 
symptomatic of the way virus theory has developed 
that these vectors are regarded as nothing but vectors. 
They are presented as unequally efficient, but 
essentially indifferent, ‘accidental’ collectors and 
deliverers of virus. “There is very little evidence,” 
writes K. M. Smith‘, “‘to suggest that an arthropod 
vector of viruses is in any way affected by the virus 
it may transmit. Even where there is good evidence 
that the virus multiplies inside the body . . . the 
insects do not-seem to be adversely affected.”’ Or 
Bawden‘: ‘Most workers have failed to find any 
significant differences between infective and non- 
infective individuals of vector species. . . . Infective 
individuals live as long and breed as freely as non- 
infective’. The assumption implicit here is that 
what is pathogenic to one organism, the plant, is of 
no biological significance to the other, the insect, if 
it is not pathogenic of that too; so that the virus is 
nothing but a pathogen, intrinsically. 

There is, of course, a third possibility. The vector 
might be importantly affected—might even gain— 
from its carrying of plant pathogens, not necessarily 
through a direct physiological action of the virus in 
its body, but ecologically, through an indirect effect 
of the virus via the host plant. But there is no room 
for such an idea so long as ecological aspects of the 
problem are considered under the one-sided headings 


of ‘spread’ or ‘transmission’ and omitted from the 
consideration of insect—virus relations**. Although 
Leach’s’ eleven-year-old plea for more work on the 
biology of insect—virus relations has not been rejected 
as unsound, it has been passed over. 

The general grounds for such a plea seem more 
than adequate. Most plant viruses depend on insects 
for their spread, and as Bawden‘ says, ‘New vectors 
of plant viruses are constantly being discovered and 
there is no doubt that many viruses for which the 
only methods of transmission now known are grafting 
or sap inoculation are also transmitted by certain 
insects’. Secondly, there is a considerable measure 
of specificity in virus—vector relations, even if it is 
not as great as was thought. Thirdly, the vector’s 
role in transmission is not merely mechanical, carrying 
the virus as an accidental contaminant on its body, 
but a more subtle and little-understood one. That 
is so, not only with ‘persistent’ viruses having a 
‘latent period’ in the insect, but even with the 
‘non-persistent’ ones which can be transmitted very 
quickly indeed. Fourthly, Black’s* work has now 
left little doubt that at least one plant virus can be 
multiplied and maintained through many generations 
in its insect vector feeding on apparently healthy 
plants, thus blurring somewhat the distinction 
between the ‘independent’ viruses and the phytotoxic 
secretions elaborated by many insects. Some of these 
secretions cause systemic pathological changes in the 
plants®, and the toxicity of the insects may vary 
with the kind and stage of growth of the plant 
previously fed upon and may even be intensified by 
breeding successive generations of insects on a 
susceptible plant®. As Leach’ said: ‘Numerous 
cases have been cited of the evolution of an associa- 
tion of insects and microorganisms for mutual 
benefit. There is no convincing reason why association 
of insécts and viruses may not have arisen in a 
similar manner. ... The question of whether a 
virus-infected plant is a more favourable host than 
a healthy plant for the insect vector has been given 
very little attention in virus studies. ... ‘he 
problem offers a fascinating field of research, and its 
solution should be of fundamental significance in the 
fields of both plant and animal pathology.” 

Leach was then able to cite only one case, unlooked- 
for but documented, of benefit to the vector, and to 
suggest another as probable. Carter’, studying the 
populations of T'hrips tabaci, the vector of the virus of 
yellow spot disease of pineapples in Hawaii, on 
alternative hosts, in particular the weed LKmilia 
sonchifolia, which is also susceptible to the disease, 
noticed that “‘populations on diseased Hmilia are 
consistently higher than those on healthy Emilia. 
. . . The explanation for this is probably that while 
healthy /milia normally grows rapidly, matures and 
dies, diseased plants may persist for a longer time 
with a mass of curled leaves affording satisfactory 
shelter for Thrips tabaci. It seems to be demonstrated 
that when Hmilia functions as a reservoir of the 
yellow spot virus it is also a more suitable host for 
Thrips tabaci.”” Carter" also found that high humidity 
was unfavourable to Lutettix tenellus, the vector of 
sugar beet curly-top virus. Diseased plants are 
stunted, forming more open stands than the dense 
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juxuriant growth of healthy plants. Hence, Leach 
suggested, “if the leaf hoppers were not vectors of 
the curly-top virus, the sugar beets would grow 
normally and in all probability would not be a 
favoured host of the leaf hopper’’. 

Since then, another case concerning leaf hoppers 
has been worked out in some detail by Severin!*, who 
was deliberately seeking an effect of the disease, 
aster yellows, through the plant, celery, on a number 
of vector species. He found that the insects developed 
faster, lived longer and reproduced more on the 
diseased than on the healthy plants. In most cases 
the difference was quite clear-cut, the insects dying 
off in a few days when put on healthy plants, but 
building up flourishing colonies when put on diseased 
ones. “There are numerous leaf hopper species,”’ 
Severin says, “which live on diseased celery and 
asters, but when transferred to healthy plants they 
die.”’ These plants, then, are not ordinarily suitable 
hosts for these insects, but by means of the virus, 
the insects can make them suitable—if not for the 
individuals first infecting a plant, then for later 
arrivals. Even if that action were originally accidental 
on the insects’ part, it is difficult to believe that it 
would remain so for long. 

Two further cases recently brought to light concern 
the most notorious plant virus vector, the aphid 
Myzus persice (Sulzer), and the important potato 
diseases, leaf-roll and severe mosaic, which are among 
those caused by viruses this insect transmits. Arenz!* 
has shown experimentally that the vector multiplies 
substantially faster on potatoes with either of these 
diseases than on healthy ones. 

The latest case concerns the black bean aphid, 
Aphis fabe, and here the benefit of the plant disease 
to the vector appeared not as an isolated observation 
but as a particular application of a general principle 
running throughout these insects’ host-relations. 
The principle is that the aphids feed and reproduce 
poorly, if at all, even on their favourite host plants, 
if the insects are confined to fully functional, robust 
green leaves which have ceased growth and not yet 
entered upon senescence. They thrive, on the other 
hand, on the same leaves while they are actively 
growing or senescing'*'*, The aphids have not 
only ‘botanical’ preferences which confine them to 
specific kinds of plant, but also ‘plant physiological’ 
preferences which confine them to the more nutritious 
stages or parts of those plants. It follows that 
altering the physiological condition in which a plant 
customarily is when the insect finds it in Nature, 
would change that plant’s status as a host for the 
insect. For example, Aphis fabe will readily colonize 
crocus if the plant is in active growth, before flowering, 
when offered to the aphid. in Nature, crocuses are 
well past that stage when the aphids are first on the 
wing. They are not, therefore, colonized by, and do 
not rank as hosts of, Aphis fabe. But any change 
which brought crocuses out later relative to the 
aphids would enable the aphids to colonize them 
habitually. That in turn would facilitate the aphids’ 
development of a ‘botanical’ pieference for crocuses 
in due course. 

The pathological conditions known as plant galls 
and virus disease also involve physiological changes 
which, by the same token, might be expected to 
benefit the insects that initiate them. Galling and 
virus disease typically involve either abnormally 
extended growth or premature  senescence-like 
changes, or both. They tend thereby to suppress 
that stage in the leaf’s life which is most unfavour- 
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able to the aphids. How far the relationship between 
insect and plant in galling is symbiotic has been a 
matter of lively, if inconclusive, discussion. That the 
insect does, in fact, live on “‘nutritive tissues produced 
especially at its order by the plant’? in the more 
elaborate, ‘determinate’!® or ‘prosoplasmic’!*® galls 
is generally conceded. There has been more uncer- 
tainty about the more primitive, ‘indeterminate’ or 
‘cataplasmic’ galls which are produced by many 
aphids and take the form of simple distortion, rolling 
or pocketing of leaves. Went*® suggested that the 
“very simple malformation ... bulging of the 
intercostal areas of the leaves, giving rise to the 
formation of pockets in which the aphids are well 
sheltered . ..can be explained satisfactorily by 
assuming auxin destruction in the phloem’’. Appar- 
ently he regarded this effect much as he regarded 
crown-gall: as purely pathological, an accident so 
far as the causative organism was concerned. This 
probably represents the general opinion concerning 
such ‘pseudo-galls’ caused by aphids. 

Experiments on the pocket galls formed by 
Cryptomyzus ribis on red currant leaves*! indicated 
that they were, in fact, beneficial to the insects 
responsible. If the benefit had been a merely 
mechanical, protective one, as Went suggested, it 
would be easier to regard it as accidental. But the 
galls were physiologically beneficial, since the aphids 
fed preferentially and reproduced faster on the lining 
surface of the galls even when they were everted so 
that the insects there were completely exposed. 
Experiments on sugar beet mosaic disease*! showed 
that this also was beneficial to a vector, Aphis faba, 
of the virus concerned. On the average, the aphids 
reproduced nearly one and a half times faster on 
diseased plants than on healthy ones. Not only the 
mature leaves but also the growing and senescent 
ones were more suitable for the aphids when showing 
disease symptoms than when healthy. As a result, 
the aphids on diseased plants became overcrowded 
and emigrated sooner than from healthy plants, so 
that the virus presumably facilitates its own spread 
in the field by this means. 

The established cases of virus diseases benefiting 
the vectors are still very few, and further work 
should clearly be concerned not merely with the 
effects of the diseases on their vectors but also on 
non-vectors. There is no a priori reason for supposing 
that only vector species benefit from a disease in the 
plant, any more than there is for supposing that 
such benefit accrues to all vectors. But it does begin 
to appear that the economic importance of plant virus 
disease may owe a good deal to the ‘boosted’ multi- 
plication of infective insects; and the fact that the 
established cases were selected for study simply 
because they were economically important, and not 
because they seemed especially likely to show the 
beneficial eitect, does make it no longer seem per- 
missible to consider the role and even the origin 
of plant viruses without due attention to the vec- 
tors. It is true that the instability introduced 
into insect-plant relations by the progress of agri- 
culture seems likely to work against the development 
or persistence of symbiotic associations as envisaged 
by Leach. But his analogy with symbiosis between 
higher organisms must not be pressed too far; it is 
doubtful whether viruses have the necessary degree 
of independence and permanence to rank as one of 
the partners in an ordinary symbiosis. Sub-cellular 
by nature, they may achieve that rank only con- 
ditionally and temporarily. 
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In those cases where galling and virus infection 
both are, in fact, methods by which insects ‘pre- 
digest’ plants, they would seem to complement one 
another, inasmuch as the one method will serve 
when the other will not. There is marked specificity 
in the relations between the aphids and the plants 
which respond to them by producing galls. Hille 
Ris Lambers* holds that the longer, phylogenetically 
speaking, an aphid has been associated with a given 
plant, the greater the tendency for a galling response 
to have developed. There is less specificity between 
insects and plants so far as virus disease is concerned. 
One virus may have many vectors and many hosts, 
some of which are symptomless ‘carriers’, and one 
insect may transmit many viruses. It would seem to 
follow that a virus causing a disease which benefits 
the insect vector would serve it particularly well in 
attacking new host plants to which it was not 
previously adapted. Such plants will not respond to 
the local, specific stimulus of the insect by the local 
and circumscribed type of ‘pre-digestion’ known as 
galling, because there has not been the necessary 
long period of mutual adaptation beforehand. Where 
coaxing fails, a bludgeon may succeed. Virus 
inoculation is a bludgeon in that sense, causing the 
drastic diversion of the plant’s whole metabolism 
which is called a systemic disease. If in this way 
virus transmission enables the insect to cross the 
bridge from host plants to which it has become 
adapted, to new plants, the insect can then become 
adapted to them, too, in due course, with the eventual 
formation of new species, as already suggested in 
connexion with non-pathological physiological changes 
in plants. 

Galling and virus disease are both abnormal 


diversions of the plant’s metabolism, but once 
started the disease is more independent of the insect 
than the galling response. So far as we know, most 
virus vectors are not infective before they have 


pierced an already infected plant. Many plant 
viruses to-day do not depend on insects for their 
spread. These facts speak for the relative independ- 
ence of viruses, and support the prevailing view that 
the origination of a virus may owe nothing to an 
insect. Yet, since both galling and virus infection 
can be, in effect, insect weapons, it is at least possible 
that the second sometimes arose from the first. The 
conditions for this leap, by some extension leading 
to partial emancipation of the insect-induced meta- 
bolic deformation of the plant, might be reproduced 
experimentally. Picturesquely speaking, the insect 
might be likened to a sorcerer evoking strange but 
nicely controlled plant growths, while the virus 
would be the sorcerer’s apprentice, dependent, but 
notoriously undisciplined. 

Bawden‘ has directed attention to the need for 
studies on the physiology of virus-infected plants, 
and it would seem worth while to make parallel 
studies on leaf ageing and galling as well. Growing, 
senescing, galled and virus-diseased leaves evidently 
have something in common from the aphid’s point 
of view. If we knew what that was, we should know 
more not only about aphid nutrition but also about 
the virus disease. Viruses, according to Caspersson®, 
“appear as parasites on the system for protein 
formation of the host cell, indicating that their own 
system for that is incomplete’’, whereas aphids are, 
presumably, more self-sufficient for protein formation, 
given an adequate supply of amino-acids. So far as 
mere multiplication goes, aphids and viruses may 
have rather similar requirements. But the virus, as 
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Bawden and Roberts** have suggested with some 
experimental support, has an additional prior 
requirement before ‘multiplication’ can begin: ye. 
direction of the plant’s protein synthesizing processes, 
Parallel observations on aphid and virus might there. 
fore help to distinguish the postulated two stages jn 
the process of virus infection. 

Those are particular questions. To direct attention 
to them is not to assume a pre-eminent role for the 
insect in virus biology. The main point about even 
one or two cases of vectors which benefit from the 
disease caused by the virus they carry is that they 
are unexpected as a matter of principle. They 
have been discovered in spite, rather than because, of 
the existing theory. Plant, insect, virus and disease 
together form a biological complex involving bio. 
chemical, physiological and ecological relations. The 
whole and the parts have a history, and being bio. 
logical that must involve adaptations. It is then 
through the study of their relationships, and in the 
expectation of adaptations, that the role of each 
component can be understood, and in no other way, 
A shift toward that general point of view, away from 
the cramping conception of viruses as ‘“‘complete and 
self-sufficient systems” (as Bawden‘, an opponent of 
this conception, has expressed it), has been a notable 
result of recent biochemical work on plant viruses. 
Evidence is accymulating against both the older 
pictures of self-sufficient viruses: either as self- 
reproducing or as forcing the plant to produce their 
like**. The infection imposes a whole new metabolic 
pattern on the plant, and virus ‘“‘individuality 
becomes merged into that of the infected cell’’. 

Superficially similar conclusions have been reached 
lately with regard to various animal viruses and 
bacteriophages. It has been found that the free 
phage particle “loses its identity after entering its 
host. . . . It merges with the bacterial organisation 
and with other phage particles’ to form a “new 
entity, the phage-bacterial complex” wherein the 
phages are presumed to be temporarily disintegrated 
into gene-like fragments*. An analogy is the 
‘masking’ of animal viruses in their intermediate 
hosts?’, or the evidence that certain bacteria may 
pass through a submicroscopic phase in the host**. 
But here the evidence is not mainly biochemical, and 
according to Luria*® the ‘ultimate goal’ in phage 
studies is still seen as “the identification of the 
elementary ‘replicating units’ of biclogical material 
and the clarification of their mode of reproduction’, 
on the assumption that ‘‘reproduction must involve 
point-to-point replication of some elementary struc- 
tures responsible for the conservation of specificity 
from generation to generation”, these units being 
by definition exogenous. Thus the main development 
in phage theory is the transfer of interest from one 
kind of particle to another, smaller one, and the 
guiding conceptions are those of formal genetics. 

Plant virus research, on the other hand, has 
become less preoccupied with specific particles large 
or small. Evidence that the virus merges into the 
metabolism of the infected plant has not intensified 
the search for supposedly ultimate, inviolate particles, 
but has brought a change of emphasis, on to the 
activities of ‘‘the whole [host] cell, in which the virus 
is only one determining component’’‘. “‘To attribute 
any independent existence or activities to viruses 
may be a misconception”’, says Bawden‘, “*. . . The 
purified virus may be only a part of a larger active 
system, and in studying the part it is important not 
to overlook the whole”; and Pirie! asks, ‘‘Is there 
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my @ priori reason for assuming that infection can 
jad to the production of only one anomalous nucleo- 
protein or that the ability to initiate infection in a 
new host is a property restricted to one ideal unique 
structure ? Clearly there is not.” That this trend in 
yirus theory should originate with workers directly 
investigating the biochemical, intracellular events is 
characteristic of a biological theory postulating self- 
suflicient entities. The closer one gets, without 
actually going outside the living context altogether, 
to the postulated ultimate particles themselves, the 
less self-sufficient they turn out-to be. It took an 
even more painstaking and intimate study of living 
wlationships to dispose of the theory of special 
geation, which was a theory of the same general 
type applied to whole organisms. 

The new trend in plant virus theory is not, how- 
ever, consistent. A simply biochemical approach to 
the problem is not yet a fully biological one, so 
long as the pathogens remain ‘self-sufficient’ in their 
other, physiological and ecological, relations. The 
arguments Pirie’ advances for examining all the 
biochemical peculiarities of infected plant tissue, not 
restricting attention to what it is hoped will prove 
to be the virus itself, apply with equal force to the 
higher-order relations of viruses. If as Bawden says 
the physiology of infected plants has not received 
enough attention, that is partly because, if the 
infective agent is self-sufficient, the main thing is to 
isolate it; host physiology is incidental. Even the 
non-‘self-sufficient’, biochemical approach incurs 
some responsibility here, inasmuch as it has led to 
the view that the other-than-biochemical relations of 
viruses may be merely incidental. It is one thing to 
stress the merging of virus into cell metabolism, or 
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that viruses may have existed as non-pathogenic 
constituents of one plant species until implanted into 


another. But it is another thing to say that viruses 
may originate in “occasional accidents”, or that, in 
the definition of a virus, ‘‘disease-production .. . is 
included largely as a matter of convenience’”’ 
(Bawden‘). From a biological point of view, to treat 
the fact that the known viruses cause disease as a 
mere matter of convenience or definition, in other 
words, as an accident, seems at best premature. 
Even if this property were acquired’ ‘by accident’ 
originally, the physiological and ecological con- 
sequences, in an evolving biological system, can 
scarcely fail to have moulded the further history of 
the agents in a distinctive way. 

Ecology, the very arena of evolutionary change, 
still seems to be regarded as the least interesting, the 
least fundamental aspect of virus biology, although 
it remains a pressing concern of more practical 
workers. ‘This is seen in the one-sided view of 
the virus-vector relationship already mentioned. 
Bawden’s‘ suggestion that “‘the causing of disease 
may be incidental to other activities and with little 
permanent significance to the evolution of the 
agent’, again seems to treat viruses as a law unto 
themselves. Disease-production need not be a 
permanent property for it to have permanent 
evolutionary significance. If disease-spreading can 
benefit the insect and thereby involve it in the 
evolutionary consequences already outlined, then we 
cannot exclude important evolutionary repercussions 
on the virus. An agent which, through the disease it 
causes, actually multiplies its own vectors, has an ob- 
vious evolutionary advantage over one that does not. 

This advantage will of course be offset, in varying 
degree, by the evolutionary disadvantage of the 
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disease to susceptible plants, which would set a limit 
to the disease-producing activity of the virus in 
Nature. When circumstances—such as the growing 
of a new crop in the district—put a premium on the 
insects’ ability to transfer from their established host 
plant to a new kind of plant not at first acceptable 
in its healthy state, then the advantage of a disease 
which rendered the new plants acceptable would be 
especially great. Once the insect had established its 
‘bridgehead’ among the new plants in this way, and 
began to become more specifically adapted to them, 
then the advantage to insect and virus of beneficial 
disease in the plants would diminish, relative to the 
evolutionary disadvantage of the disease to sus- 
ceptible plants and through them to the insect and 
virus also. This hypothetical sequence is presented 
merely to show there is no reason for expecting virus 
disease to be always and everywhere beneficial to 
insect or virus, but that there is a neglected approach 
here worth exploring. Ecological circumstances can 
be postulated which would sometimes call out and 
sometimes suppress the disease-producing function. 
There could be a varying ‘demand’ on the part of the 
insects for disease-production by virus in plants. 
Starting from this end might lead to earlier and 
fuller understanding of the origin of some virus 
diseases and viruses, than starting from the ‘ultimate’ 
causes, the isolated pathogenic particles. 

However, the insect’s contribution here is only a 
special aspect of a generally recognized fact, that it 
is man’s ecological intervention, by growing plants 
as crops, which creates disease problems in any 
event, with or without the aid of insects. This, again, 
is often thought of as a merely incidental effect, given 
a virus ‘there in the first place’, self-sufficiently 
independent of ecological conditions. Since ecological 
relations are the very means of evolution, they cannot 
be treated as incidental. If they serve to multiply 
and perpetuate ‘given’ viruses, it is in them we must 
look for the origin and development not only: of 
epidemics but also of viruses. 

The mysteriously self-sufficient virus particle, 
although expelled from the biochemical context, still 
lives on in the ecological context. So long as this 
remains an implication only, it will not be easy to 
carry the current movement away from the self- 
sufficient conception of viruses, beyond the biochemical 
into the other contexts. The logic of this example of 
what is called a particulate theory in biology needs 
explicit statement. A particulate theory, in this sense, 
is one which endows material substances, particles or 
processes with an unnatural degree of independence. 
Thus the virus itself has been dubbed ‘life’s 
enemy’-——-something which is scarcely likely to be an 
insect’s friend. ‘the term ‘pathogen’, a legitimate 
description of the characteristic effects of the 
particles, becomes an assertion of their absolute 
nature. Disease-production becomes inherent in the 
particle itself, as though it were not the changing 
relations of viruses with plants, insects and the rest 
of their environment which produce disease, but the 
viruses themselves, as Bawden has objected. Plant 
and insect then provide only contingent circum- 
stances, the one a mere culture medium, the other a 
mere inoculation needle ; and if material things are 
not to be understood in their relation to their material 
environment, then they cannot be understood at all, 
except by invoking entelechies. 

Of course, few virus workers, and least of all those 
concerned wii physico-chemical characterization, 
would regard this as the logic of their work. Others 
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may see it more easily, just as Schrédinger®*, who is 

not a biologist, sees the vitalist logic of another 

particulate theory, the gene theory of heredity. 

Particulate theories have played a large part in the 

history of biology, as of other sciences, because dis- 

continuities do exist in Nature, which is mere con- 

fusion until they are discovered, and it may take a 

long time before further work corrects the assumption 

that they are absolute. Particles exist; but dis- 

appointment always follows if they are in then.selves 

held responsible for the properties of the whole which 

is being analysed. Particles so self-sufficient that 

they have no necessary, but only contingent, relations 

are mystical particles. This is implicit in every 

particulate theory from the beginning, and the sooner 

it is recognized the less difficult is the inevitable 

abandonment of the theory when, as now in virus 

research, facts which contradict it begin to appear. 
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SULPHUR FROM SEA WATER 


By Pror. HUGH NICOL 
West of Scotland Agricultural College, Glasgow, C.2 


VERY informed person will agree that the present 
stage of manufacturing industry is wasteful and 
cannot be viewed as other than a phase of civilization. 
The United States is taking thought about a shortage 
of water, which is being run into the sea more rapidly 
than it can be collected on land. The length of time 
that some world natural resources can be expected 
to last varies greatly : it is possibly a thousand years 
for raw phosphate, and perhaps a couple of genera- 
tions for the sulphur ores collectively. Utilization of 
renewable supplies of raw materials must sooner or 
later become important. Two adaptations suggest 
themselves in this connexion : greater use of microbes 
and of products from the sea. 
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There is a case for regarding many inorganic raw 
materials, including sulphur, as microbial products 
or fossils. There seems to be small hope of utilizing 
autotrophic organisms, excepting green plants ; and 
conscious utilization of contemporary microbes must 
turn upon getting them to act upon organic material, 
wherefore sources of organic matter require con- 
sideration. With shortage of land and of food there 
is little scope for applying products of the soil, except 
possibly sulphite liquor (presuming sufficient supplies 
of sulphur) and sewage sludge. Neither of these is 
generally available. 

Not only manufacturing industry will suffer from 
a shortage of sulphur: a more serious threat is to 
the supply of high-class protein, since the method of 
choice for making rock phosphate available to plants 
has involved use of sulphur, and other modes all 
involve increased consumption of fuel or power. For 
high yields of meat, dairy products, and eggs, there 
is no simple alternative to the association of 
leguminous plants, grass, and phosphate, which is 
essentially an intensive development of the past fifty 
years?. The characteristic function of nitrogenous 
manures is to yield non-nitrogenous constituents of 
plants*-*. 

Almost sixty years ago the interest in marine 
chemistry was great enough to render the idea of 
biological reduction of sulphates familiar to a few. 
Some remarkable work was done in Scotland; and 
the Odessa Bacteriological Station not only showed 
that at least in its depths the Black Sea is a vast 
lake of hydrogen sulphide solution‘, but also brought 
to light a bacillus able to produce hydrogen sulphide 
from sea water’. The summer smells of the Dutch 
canals induced Beijerinck to investigate a problem 
which lay literally at his doorstep in Delft, and in 
1895 he described many characters of a bacterium 
able to reduce sulphates in polluted fresh water’. 
The microbiological work was extended by van 
Delden’, and a similar organism was isolated from 
the sea; and Baars* broadened the concept of the 
sulphate radical as oxidizing agent, by showing that 
in presence of a suitable bacterial ‘catalyst’ a sulphate 
can be used, for example, to oxidize ethyl alcohol to 
acetic acid when the necessary oxygen is derived 
only from sulphate and water. From all this work 
it appeared that almost any kind of organic matter 
could be utilized by the bacteria engaged in sulphate- 
reduction, provided the carbon/nitrogen ratio of the 
medium were made small enough. 

During the early stages of these developments in 
formal bacteriology, a series of events was occurring 
which can now be seen to have great significance in 
relation to production of sulphur from sea water. 
These instructive events were nuisances arising from 
pollution of British estuaries after discharge of sewage 
into them, in particular, near Belfast and Dublin. 
The occurrences were investigated by Letts and 
Adeney® ; and although most of their attention was 
given to Belfast Lough, the findings at Dublin were 
additionally significant in showing the close con- 
nexion between discharge of sewage and ‘spontaneous 
growth of seaweed, particularly Ulva latissima. 

The nuisance was largely due to release of sul- 
phuretted hydrogen. Letts and Adeney made many 
experiments with the view of ascertaining the 
conditions leading to production of that gas. Bac- 
teriological cheraistry was not then sufficiently 
developed to offer the guiding principles we now 
have. The work of Letts and Adeney derives current 
importance less from the painstaking laboratory 
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experiments than from their field observations. 
These are reasonably well known to sewage chemists, 
but have had little or no impact on other specialists 
whose co-operation is necessary for an appreciation 
of the facts revealed. 

Points pertinent to the involuntary demonstrations 
at Belfast and Dublin are: (1) given organic matter, 
there is no difficulty in principle in inducing bacteria 
to produce hydrogen sulphide from sea water ; (2) the 
chief value of sewage in this connexion is as a source 
of nitrogen and phosphate ; these conduce to growth 
of weed, which provides a large bulk of organic 
matter in situ; (3) seaweed can contribute inorganic 
and organic sulphates in proportions together much 
greater than the proportion of sulphate in sea water ; 
it probably also contains reducibie organic sulphur ; 
(4) no special cultivation of bacteria or seaweed is 
necessary ; both will arise ‘spontaneously’ as elective 
cultures if appropriate nutrients and conditions are 
provided. 

To point out these facts is not to suggest that an 

addition of sewage or of seaweed to sea water kept 
anaerobic will lead to production of hydrogen sulphide 
as easily as by adding acid to an alkaline sulphide. 
Work by Irvine and Gibson’®, for example, did 
suggest that to produce hydrogen sulphide from sea 
water to which a fragment of decomposing mussel 
flesh had been added was almost as easy as that, 
though a few days incubation was required. There 
is, however, much chemical difference between any 
seaweed and the other forms of organic matter used 
by workers in the field of sulphate-reduction. Unless 
the right conditions are offered for sulphate-reduction 
by seaweed, anaerobic digestion of weed may lead to 
a methane fermentation or other type in which 
hydrogen sulphide is not prominent. 

Without wholly accepting the view of Letts and 
Adeney that decomposition of seaweed proceeds in 
two stages, it will be clear that the seaweed must 
undergo a preliminary microbial decomposition (of 
unknown nature and extent) before it can serve as 
source of organic matter for reduction of its own 
sulphates and those of sea water ; other factors such 
as temperature, species of weed, and the ratio of 
seaweed to sea water are important, and their 
eucidation must require considerable laboratory 
work. 

Neither the series of occurrences at Belfast and 
Dublin nor the laboratory work performed hitherto 
has done much to indicate optima for commercial 
production of sulphur from sea water. What the 
estuarial phenomena of c. 1900 did was to show that 
hydrogen sulphide can be released from the sea to 
any desired extent. These repeated large-scale 
demonstrations are very little known in spite of 
their now topical interest. 

The engineering difficulties in collecting the evolved 
gas appear formidable; but there seems to be no 
relevant biological or chemical problem that cannot 
be tackled by present technique, and the production 
of sulphur from sea water by biological means may 
well be the easiest to solve of the future problems of 
supply of raw materials to industry. 

The ecological chain is at least as interesting as 
the connexion alleged by Darwin to exist between 
spinsters and red clover. Sewage is not essential, 
and might be replaced by, say, nitro-superphosphate. 
Thus a roundabout route would be opened for 
inorganic nitrogen to be converted (so to speak) 
into protein for human consumption, via sulphur, 
phosphate, clovers, and grazing animals. The 
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existing routes are also expensive in labour and 
in money, since they either depend upon mechanical 
cutting and processing in place of grazing, or upon 
expenditure to supplement or replace bacterial 
fixation of nitrogen from which most of our high- 
class protein-nitrogen comes*: this costs nothing 
except for earthy materials such as phosphate, 
potassium, calcium, and sulphur, which must in any 
event be provided. The spread of synthetic fixation 
of nitrogen has left the fundamentals of plant growth 
and protein production unaltered, and nothing could 
be more wrong than to imagine that agricultural 
application of ‘synthetic nitrogen’ has been a victory 
for the factory over biology. Putting industrial 
fixation of nitrogen from the air to aid sulphate- 
reducing bacteria in the sea may be of the type of 
things to come. 

1 Nicol, Hugh, Chem. and Indust., 230 (1948). 

* Nicol, Hugh, Proc. Roy. Philos. Soc., Glasgow, 74, 33 (1949). 

8 wi B., and Gilbert, J. H., Phil. Trans. Roy. Soc., 192 B, 139 

*Anon., Nature, 48, 323 (1893). 

5 Zelinski, Fortschr. russ. chem. phys. Gesell., 25, Heft 5 (1893) ; 
Beijerinck (6). 

* Beijerinck, M. W., Col. Bakt., II, 1, 1, 49, 104 (1895) ; 
(Coll. Pap.), 3, 102 (1921). 

? Delden, A. H. van, Col. Bakt., IT, 11, 81, 113 (1904). 

* Baars, J. K., Diss. Delft (1930). 

* Letts, E. A., and Adeney, W. E., Roy. Comm. Sewage Disposal, 
Fifth Rept., Ape. VI (1908) (in House of Commons Comm. 
Repts., 56 (1908 )) 
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OBITUARY 
Prof. Otto Meyerhof, For.Mem.R.S. 


Otrro MEYERHOF, who was born at Hanover on 
April 10, 1884, died at Philadelphia on October 6, 1951. 

He began his scientific career with the study of 
medicine and at first was interested in psychology 
and psychiatry. But, particularly under the influence 
of his friend, Otto Warburg, he turned to physiology 
and biochemistry ; indeed, they collaborated in a 
paper on the part played by cell structure in meta- 
bolism—a paper describing for the first time the 
application of manometric methods to respiration 
measurements. After he had settled in Kiel (where 
he went in 1912) he began the magnificent series of 
papers on the biochemistry of contraction of intact, 
isolated muscle. Like Hopkins, he felt muscle to be 
the material par excellence for study of the correlation 
of function and metabolism in living tissue. 

Setting out from the fundamental observations of 
Fletcher and Hopkins and their collaborators at 
Cambridge, Meyerhof made a wide and exact survey 
of the relations of lactic acid and glycogen content, 
oxygen uptake, and heat and tension production in 
a variety of conditions. He showed for the first time 
the close proportionality of production of tension and 
lactic acid formation in anaerobic contraction ; but 
perhaps his most important findings were concerned 
with oxidative recovery. Here he showed that, of 
the lactic acid disappearing, the equivalent of some 
four-fifths reappears as glycogen while the oxygen 
uptake accounts for complete oxidation of the 
remainder. Furthermore, the heat production cor- 
responds to only one-half of that to be expected 
from this oxidation, so that part of the energy is 
retained for synthetic purposes. 

This series of papers was not published until after 
the end of the First World War and reached Great 
Britain only in the early months of 1921. The 
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excitement of their urgent translation in Hopkins’ 
laboratory at Cambridge is a vivid memory, as well as 
the intense satisfaction derived from the flood of light 

they threw on problems continually discussed there. 

Meyerhof went on for some time with his work on 
the whole muscle, especially in efforts to balance the 
observed heat production with that to be expected 
from the known chemical changes. Very accurate 
measurements gave always a deficit in the latter 
figure, and this was explained only after the dis- 
covery of creatinephosphate. 

In 1926, two years after his move to the Kaiser 
Wilhelm Institute for Biology at Berlin-Dahlem, he 
began the work on enzymically active muscle extracts 
which, continued with several collaborators, was to 
prove so fruitful. Working with these extracts and 
with extracts from yeast, he follgwed up and extended 
the perspicacious but largely unproved suggestions 
of Gustav Embden, bringing to light new enzymic 
stages in carbohydrate breakdown and preparing 
hitherto unknown intermediates. 

In 1927 the discovery of creatinephosphate and 
the observation (first by the Eggletons and by 
Fiske and SubbaRow, and then in his own lab- 
oratory) of its breakdown during contraction and 
resynthesis during recovery raised difficulties for 
the lactic acid theory of contraction. This was 
felt especially in two facts: first, that while creatine- 
phosphate breakdown is a markedly endothermic 
reaction and while the breakdown was known 
to occur chiefly in the early stages of contraction, 
experiment so far had seemed to show proportionality 
between lactic acid production and heat formation ; 
secondly, that the anaerobic resynthesis of creatine- 
phosphate was not accompanied by heat absorption. 
Meyerhof at this time made an error of scientific 
judgment, rare for him, in his reluctance to admit 
the part played by creatinephosphate breakdown in 
contraction, apparently inclining towards the sug- 
gestion that the breakdown might not be happening 
in vivo, but was an artefact due to the treatment of 
the muscle in extraction. He failed, too, to attach 
importance to the findings of post-relaxation lactic 
acid formation by the Embden school. However, his 
experiments with Lipmann, published early in 1930, 
concerning the pH changes upon stimulation of 
intact muscle, left him in no doubt about the reality 
of creatinephosphate breakdown, and in the same 
year he was ready to welcome the results of Lunds- 
gaard on iodoacetate-poisoned muscle with their clear 
implication that creatinephosphate breakdown is a 
stage nearer the muscle machinery than is lactic acid 
formation. He invited Lundsgaard to continue his 
work at Heidelberg, and the problems mentioned 
above were solved by combined work there. 

Meanwhile Lohmann, in Meyerhof’s laboratory, 
had made the discovery of adenosinetriphosphate in 
1929, and during the 1930’s Meyerhof’s laboratory, 
together with others in Lwow, Cambridge and Berlin, 
cleared up the problems of the co-enzyme function 
of the adenylic compounds and laid the foundations 
for the understanding of the part played by these 
compounds in energy transfer. The unique con- 
tribution of the Meyerhof school here was the investi- 
gation of the heat of reaction of various stages in 
glycolysis and of the heat of hydrolysis of creatine- 
phosphate, argininephosphate (a compound dis- 
covered in invertebrates by Meyerhof and Lohmann), 
adenosinetriphosphate and phosphopyruvic acid. 
Such studies led to the early realization of the 
important difference in nature between the phosphate 
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bond in these compounds and in the ordinary ester 
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linkage. 

Although he was during these years mainly con- 
cerned with isolated enzyme systems, Meyerhof stili 
turned to the muscle as a whole, for example, in the 
work with Méhle and Hartmann on volume changes 
accompanying contraction. 


In 1924 he had become head of the Department of 


Physiology in the Institute for Medical Researc}, in 
Heidelberg and remained there until 1938. 
his research workers in the latter part of this period 
has described his daily round, discussing without any 
dictatorial attitude, but with complete grasp of 
detail in each case, the results of yesterday and the 
programme for to-day. This collaborator has written : 
“The daily round took him from worker to worker, 
Japanese, French, English, Italian, Spanish, Amer 
ican, German. It was a stimulating event and 
lingered on in one’s mind. The thoughtfulness of the 
faces of the people in the room is strongly in my 
memory.’ Meyerhof himself worked in the laboratory 
daily and one striking characteristic was his prodigious 
memory for facts and figures. He loved to show a 
very generous hospitality to his colleagues. 

It has been said of him that his intense and single- 
minded concentration on the pursuit of scientific 
truth shut him off as behind an intangible curtain 
from current events. This concentration made it 
possible for him to stay on in Heidelberg for five 
years after the rise of the Nazis, without loss of 
personal dignity and integrity. He even during this 
time accepted at least one new Jewish worker, 
refusing to consider the possibility of outside inter- 
ference with the conduct of his laboratory. But by 
1938 the situation had become impossible and 
Meyerhof, like other scientific men of Jewish origin, 
was obliged to leave Germany. He was welcomed in 
Paris and went on with his work at the Institut de 
Biologie Physico-Chimique until the invasion of 1940. 
With the help of the Rockefeller Foundation and of 
friends in America, he and his wife were able to reach 
the United States, and he was appointed research 
professor of physiological chemistry in the University 
of Pennsylvania. His reputation was, of course, 
international ; he had shared the 1922 Nobel Prize for 
physiology with A. V. Hill, and among many other 
honours had been elected in 1937 a foreign member 
of the Royal Society. After his exile he did much to 
help in the re-establishment of displaced scholars less 
well known abroad. 

From 1938, Meyerhof’s scientific work was con- 
cerned mainly with enzyme studies, and he devoted 
much attention to questions of the free-energy 
content of phosphorylated compounds. He continued 
to break new ground, as in his study with H. Green 
of the transphosphorylating activity of intestinal 
phosphatase. 

An aspect of Meyerhot’s interests which remained 
less well known to his colleagues, at least in other 
countries, was his work on the history and philosophy 
of science. He was an authority on Goethe’s scientific 
contribution ; and in 1933 he published an excellent 
lecture on theoretical biology in which he adopted a 
point of view allied to the Whiteheadian doctrine 
of organism, in general agreement with the biological 
implications which Woodger had set forth a few 
years before. He had a great love, too, for painting 
and for literature. 

Such were some of the achievements and activities 
of one of the greatest of biochemists. 

Dorotuy NEEDHAM 
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NEWS and VIEWS 


Royal Society : Medal Awards 

H.M. THE KincG has been graciously pleased to 
approve recommendations made by the Council of 
the Royal Society for the award of the two Royal 
Medals for the current year as follows : 

Sir Howard Florey, professor of pathology in the 
University of Oxford, for his distinguished contri- 
butions to pathology by his studies of the functions 
of mucin and by his work on penicillin and other 
antibiotics ; 

Sir Ian Heilbron, director of the Brewing Industry 
Research Foundation, for his distinguished contribu- 
tions to organic chemistry, notably in the field of 
vitamin A and polyene synthesis. 


Nobel Prize for Physics: Sir John Cockcroft, 

C.B.E., F.R.S., and Prof. E. T. S. Walton 

THE award of the Nobel Prize for Physics for 1951 
jointly to Sir John Cockcroft and to Prof. E. T. 8. 
Walton will be warmly welcomed not only by nuclear 
physicists but also by many others. The disintegra- 
tion of elements by artificially accelerated protons 
was announced by Cockcroft and Walton from the 
Cavendish Laboratory, Cambridge, in 1932, after 
some years of research into methods of producing 
high-velocity positive ions. This work was encouraged 
from the start by Lord Rutherford with the specific 
object of obtaining a more intense source of pro- 
jectiles for nuclear transmutation experiments than 
was provided by the ‘alpha-particles from natural 
radioactive bodies. The apparatus finally used by 
Cockcroft and Walton developed a steady potential 
of about 600,000 volts and supplied currents of about 
5 microamperes of hydrogen ions. The impact of 
these high-velocity ions on targets of light elements, 
notably lithium and boron, produced a copious yield 
of alpha-particles which were detected by scintilla- 
tion screens and the measured energies of which 
showed that they came from nuclear transmutations. 
The original tube and a model of the whole apparatus 
are in the Science Museum, South Kensington. 

The immediate importance of these experiments 
apart from the popular appeal of success in splitting 
the atom) was that they confirmed Gamow’s theory 
of barrier penetration, according to which nuclear dis- 
integrations might be produced by light particles of 
relatively low energy. The way to the study of a 
great variety of nuclear reactions was thus thrown 
open, and with the successful application elsewhere 
of the cyclotron and electrostatic generator in similar 
work, a rapid expansion of experimental nuclear 
physics took place. The work of Cockcroft and Walton 
did not in itself reveal any new fundamental pro- 
perties of nuclear structure; but it stimulated many 
theoretical and technical developments and thereby 
inevitably influenced the whole course of nuclear 
physics. In a narrower field it laid the foundations 
of the precise study of energy changes in nuclear 
reactions induced ‘by charged particles. It is only 
fitting that the highest honour should be paid to 
work which has so fully the character of a pioneer 
investigation, in that it has been eagerly seized on 
and extended by others and that it is an acknow- 
ledged landmark in the history of science. 


Nobel Prize for Chemistry : Profs. E. M. McMillan 
and G. T. Seaborg 


THE award of the Nobel Prize for Chemistry for 
1951 to Profs. E. M. McMillan and G. T. Seaborg 
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directs the attention of the whole scientific world to 
the most spectacular advance made in inorganic 
chemistry for a long time, the extension of the 
Periodic System from element 92, uranium, to element 
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98, californium. Speculations about the possible 
existence of trans-uranium elements are old: they 
could not be found in Nature ; but as soon as E. Fermi 
and his collaborators in Rome had detected the 
transmuting power of slow neutrons, they applied it 
to uranium and seemed to obtain in this way an 
element higher up in the Periodic Table. These 
researches were continued in Paris and Berlin, and 
for several years it was believed that four or five 
successive trans-uranium elements could be syn- 
thetized by this simple method, until O. Hahn and 
F. Strassmann recognized that these newly formed 
nuclides were nothing but isotopes of well-known 
elements produced by the process of ‘fission’. The 
first real trans-uranium element, of atomic number 
93, was identified by E. M. McMillan and P. Abelson 
early in 1940. From then on progress was rapid. 
With the help of powerful cyclotrons and the newly 
constructed uranium piles, a large team of workers 
concentrated on the task of producing isotopes, and 
of studying the properties, of the elements 93 
(neptunium), 94 (plutonium), 95 (americium), 96 
(curium), 97 (berkelium) and 98 (californium). These 
researches were greatly helped by the ample means 
put at the disposal of the investigators in view of 
the great practical importance of their investigations ; 
it is well known that one of the trans-uranium 
elements, plutonium, provided the material for one 
kind of atomic bomb, and that it will, one hopes, 
soon be put to peaceful use in the operation of power 
plants. The award of the Nobel Prize for Chemistry 
to a physicist, McMillan, and a chemist, Seaborg, 
both of the University of California, singles out the 
two most outstanding names in a group of excellent 
research workers, and is a tribute to a type of research 
organization which nowhere has been brought to such 
perfection as in the big scientific laboratories of the 
United States. 


Mathematics at the College of Aeronautics : 
Prof. G. N. Ward 


THE Board of Governors of the College of Aero- 
nautics has created a new post of professor of 
mathematics in the Department of Aerodynamics, and 
Mr. G. N. Ward, senior lecturer in mathematics in the 
University of Manchester, has been appointed to the 
chair. Prof. Ward was at St. Catharine’s College, 
Cambridge, where he obtained first-class honours in 
the Mechanical Sciences Tripos. During the early 
part of the Second World War he worked in the 
Admiralty on problems involving the study of 
geomagnetic deviations, very-low-frequency circuits, 
and ultrasonics. Later he was transferred to the 
Engineering Division of the National Physical 
Laboratory, where he studied experimental and 
theoretical supersonic flow and designed the earliest 
British supersonic guided missile. Gradually he 
leaned more to the theoretical side of the work, and 
played an important part in the years following the 
War in building up the very extensive body of 
solutions which now exist to the equations of small 
perturbations to a supersonic stream, a field of study 
both of great practical importance and theoretical 
interest and complexity. His essay on the subject 
submitted in 1950 for the Adams Prize of the Univer- 
sity of Cambridge was awarded an honourable 
mention. His best-known papers in the field refer to 
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perturbation by nearly cylindrical ducts, by slender 


bodies of arbitrary cross-section bearing wings of 


small aspect ratio, and by thin wings of intermediate 
aspect ratio. He is particularly interested in the 
teaching of mathematics to engineers in such a way 
that they may be enabled to make full use of it in 
their work. 


Bird Exploration Fund 

THE recent institution of the Bird Exploration 
Fund is a joint effort by officials of the British 
Museum (Natural History) and private individuals 
to fill a need brought about by the economic con- 
ditions of present times. The days of private expedi- 
tions financed by public-spirited naturalists, which 
contributed so largely to the study collections of the 
British Museum, are now past. 
scientifically conducted field investigations in con- 
junction with collecting is widely recognized, and if 
the knowledge of birds by the collection of specimens 
is to be extended it is essential that expeditions 
should be continued. The aim of the newly formed 
Fund is to make this possible. Vested in trustees 
and with the official approval of the British Museum, 
the general purposes of the Fund are stated to be 
“promoting, organizing and financing in whole, or in 
part, ornithological expeditions to, and bird explora- 
tions in, those parts of the world where bird life is 
least known”’. Specimens are to become the property 
of the British Museum ; but collectors who take part 
in the expeditions will be given every reasonable 
facility for work and study in connexion with such 
specimens. It is perhaps not generally realized that 
public institutions are not readily endowed with 
private money. The formation of a permanent Fund 
gives those who wish to forward the science of 
‘ornithology an opportunity, by means of their 
collective support, to make possible these very 
important expeditions and thereby enrich the national 
Museum. The headquarters of the Fund are at the 
Bird Room, British Museum (Natural History), 
Cromwell Road, London, 8.W.7, and all donations 
and inquiries should be sent to the Secretary- 
Treasurer. 


International Union for the Study of the Behaviour 

of Social Insects 

DurinGc the Ninth International Congress of 
Entomology, the termitologists and myrmecologists 
present decided to set up a permanent international 
union for the study of the behaviour of social insects. 
It is intended to approach workers on the social 
behaviour of insects all over the world and to organize 
the interchange of ideas and of research programmes 
from the earliest pre-publication stages, and also to 
build up a library of reprints for reference purposes. 
To this end, termitologists and myrmecologists are 
requested to send not only a complete bibliography 
of their papers to date, and details of their present 
projects, but also two reprints of each future paper 
and of as many past papers as possible. An inter- 
national address list will also be assembled. It is 
hoped that it will soon be possible to publish a 
journal, which at first may be limited to brief notes, 
but which should eventually cover the field as 
adequately as possible. At Amsterdam a provisional 
committee was formed; but a constitutional com- 
mittee will in due course be elected by the members 
of the new union. Further information can be 
obtained from D. Wragge Morley, Organizing Secre- 
tary, International Union for the Study of Social 
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Insects, 146 Downshire Hill, Hampstead, London, 
N.W.3. 
Medical Research in East Africa 

INTERESTING information about the health risks 
of East Africa is contained in two reports issued by 
the East Africa High Commission. The annual rep rt 
for 1950 of the Virus Research Institute (pp. 32. 
Nairobi: Government Printer, 1951) describes the 
history of the Institute, its buildings and staff and 
the work carried out in 1950. The Institute was 
formerly known as the Yellow Fever Resvarch 
Institute, having been founded in 1936, and was 
taken over by the East Africa High Commission in 
1950. One section of the report deals with yellow 
fever and its epidemiology and immunology. A 
number of sections discuss other viruses, poliomyelitis 
and rickettsioses, and there is a section on general 
entomology which includes work on ticks, mosquitoes, 
ectoparasites of trapped mammals, the biting habits 
of Tabanide and studies of the eradication of 
Simulium damnosum. The list of papers published 
or in the press is evidence of the activity of the staif. 
The annual report for 1950 of the East Africa Medical 
Survey (pp. 61; Nairobi: East Africa High Com. 
mission, 1951) shows that, in spite of a serious 
shortage of staff, both laboratory investigations and 
field surveys have been undertaken in the Mwanza 
area and on Ukara Island. The results of these are 
given. A feature of the report is the fact that food 
is rarely sufficient in quantity and lacks quality, 
women especially suffering because of taboos of 
important sources of protein. A survey of insect 
vectors of disease is to be carried out, and an 
entomologist records his brief survey of the distri- 
bution of mosquitoes on Ukara Island. The report 
also discusses statistics so far available of the 
maternity histories, reproductive-rate and infant 
mortality-rate. 
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Atomic Heating System at Harwell 
containing eighty 

Ministry of Supply Atomic Research Establishment, 
Harwell, will now draw its heat direct from BEPO, 


A BUILDING offices at the 


the large experimental atom: pile. This is the first 
atomic central-heating plant in the world. Eventually 
two, and perhaps three, more buildings will also have 
‘atomic radiators’ and the Ministry’s coal consumption 
will be cut by at least a thousand tons a year. After 
counting all incidental expenses, the saving in cash 
is estimated at £2,650 a year. Costs of the installation 
amount to £15,000. 

The constant hot water which will flow through the 
pipes is obtained by placing a heat exchanger in the 
outlet air duct of the pile’s air-cooling system. Here 
there is a by-pass fitted with a damper which can 
be adjusted to vary the proportion of the air-flow 
passing through the heat exchanger. Hot water from 
the exchanger is then circulated in a closed circuit by 
a small pump to a secondary water-to-water heat 
exchanger. This supplies hot water for space heating 
and domestic hot water supplies. At present the air 
temperature at the primary heat exchanger is 135° F., 
and the water itself is heated to 130°. In 1952, when 
modifications to the pile have been completed, these 
temperatures will be substantially increased. There 
is no danger from radioactivity and the water can 
safely be used for washing. The heat output designed 
for the first building is one million B.Th.U. per hour, 
equal to about two hundred electric fires; but for 
the final installation the maximum output will be 
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sven million B.Th.U. per hour. The total floor area 
now being heated is 32,000 sq. ft. and the volume of 
space is 330,000 cu. ft. 
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History of Coal 


“Ar the Root of it All”, a brochure published by 
the National Coal Board (Public Relations Branch), 
Hobart House, Grosvenor Place, London, 8.W.1 (pp. 
32), is the best of the numerous booklets on the 
British coal industry which have been issued by the 
Board. It is suitable for general science reading in 
the upper forms of secondary schools and it should 
prove interesting to the intelligent layman. It is 
succinct and factual. The script is by Mr. W. E. 
Dick, editor of Discovery, and the method employed 
in the booklet is historical, descriptive and statistical. 
The monochromatic illustrations are good, and a 
romantic element has been confined to a few coloured 
plates. The subjects discussed, which have been out- 
lined clearly and accurately, are the formation of coal 
from decayed vegetation, the improvement of the 
steam-engine from that of Thomas Savery in 1698, 
and the uses of coal in the iron and steel industries, for 
producing electricity and in the home. Short, illus- 
trated sections describe the use of coal in locomotion 
and the development of lighting by gas. Considerable 
attention is paid to the by-products of the gas 
industry: dyes, detergents, disinfectants, anti- 
bioties, insecticides, perfumes, nylon and so on. The 
booklet ends with a brief account of the mining 
industry as it has developed, and includes a state- 
ment of the sociological aspects and problems of 
miners. The booklet in its brevity and objectivity is 
scientific in outlook and is pleasantly free from any 
political bias. Thus, it admirably fulfils its aim, 
which is to show the paramount importance. of coal 
in modern living. 

United States National Museum: Annual Report 

for 1949-50 

THE report of the United States National Museum 
for the year ending June 30, 1950 (pp. 141 ; Washing- 
ton, D.C. : Government Printing Office, 1951), provides 
interesting reading, and a summary of its activities 
and acquisitions extending to more than a hundred 
pages is an indication of the magnitude of the work. 
This Museum, which is situated in Washington, D.C., 
and forms part of the Smithsonian Institution, has 
as its responsibility the classification and preservation 
of collections, and it is refreshing to note that this 
and the fundamental policies in general are still 
recognized. Furthermore, it is recognized that 
the Museum is not only a storehouse for certain 
objects but also that its exhibits reveal to the public 
“the resources of the world in which we live, the 
material cultures that illustrate the political, cultural 
and technical achievements of man and the principles 
that have resulted from scholarly research’. These, 
indeed, are noble aims, and the report indicates how 
they are put into practice. 


Conference on Evolution and Education 

THE group of organizations interested in the 
teaching of biology will hold a further joint con- 
ference on “Evolution and Education’, this time at 
the Birmingham and Midland Institute, Birmingham, 
during December 7-8. At the opening session, when 
Sir Raymond Priestley will preside, Dr. J. B. S. 
Haldane will deliver an address on “‘The Evolutionary 
Process’. On December 8, lecture-demonstrations 
will be given by Miss F. R. Elwell of the B.B.C. 


NATURE 





899 





broadcast series, ‘How Things Began’’, and by Miss 
E. M. Tuke, on the ““Teaching of Evolution”. Miss 
M. Going will speak on “Classroom Problems in 
Teaching Evolution’’, with special reference to work 
in grammar schools. These sessions will be followed 
by a general discussion, to be opened by Dr. L. M. J. 
Kramer, over which Mr. W. J. Heasman, H.M.I., 
will preside. The closing address will be delivered 
by Prof. S. Zuckerman, speaking on the ‘Evolution of 
the Brain’’. The fee for admission to the conference 
is 10s. ‘Tickets may be obtained from the British 
Social Biology Council, Tavistock House South, 
Tavistock Square, London, W.C.1. 


British Region of the Biometric Society : Officers 

for 1952 

At the recent annual general meeting of the 
British Region of the Biometric Society, the following 
officers and members of committee were elected for 
1952: Vice-President, Dr. F. Yates; Treasurer, Dr. 
A. R. G. Owen; Secretary, Dr. D. J. Finney (6 Keble 
Road, Oxford); Members of Committee (1952-54), 
Prof. R. A. Fisher and Dr. R. R. Race. 


Brazilian Geological Society: Officers for 1951-52 


OrFricers for the term September 1951—-November 
1952 of the Brazilian Geological Society have been 
elected as follows: President, Prof. O. Barbosa ; 
Vice-Presidents, Prof. O. H. Leonardos and Prof. 
F. W. Lange; Secretary, Prof. R. R. Franco; 
Treasurer, Prof. A. F. Barbosa; and Director of 
Publications, Prof. J. C. Mendes. Further details 
about the Society can be obtained from the Secretary, 
whose address is Sociedade Brasileira de Geologia, 
Alameda Glete 463, Caixa Postal 105 B, Sao Paulo. 


“Epitaxis of Rubidium lodide on a Barium Stearate 

Substrate Deposited on Mica’’ 

Mr. A. A. FULLER writes, with reference to the 
communication under the above title published in 
Nature of September 15, p. 471: ‘I was unable to 
refer, during the course of my experiments, to the 
Zeitschrift fiir Kristallographie, and so missed reading 
an account of a series of similar experiments by Dr. 
R. S. Bradley (Z. Krist., A, 96, 499; 1937). I regret 
I was therefore unable to mention this work in my 
communication.” 


Announcements 

Dr. P. B. Treacy, who for three years has been 
working in the Cavendish Laboratory, Cambridge, 
has been appointed a Research Fellow of the Austra- 
lian National University, Canberra, and will work 
in the Department of Nuclear Physics under the 
direction of Prof. E. W. Titterton. 


THE Langley Memorial Prize of the London School 
of Hygiene and Tropical Medicine has been awarded 
to Dr. J. H. Gerber, medical officer in charge, Endemic 
Diseases Control Unit, Kailahun, Sierra Leone, for 
his paper on “Bilharzia in Boajibu’’. This Prize is 
awarded by the School triennially for the best paper 
written by a member of the West African medical 
staff on tropical medicine and surgery, hygiene, 
entomology or parasitology. 


Erratum. In Table 1 of the communication 
““Cyo-22 Unsaturated Acids of Butterfat’’ in Nature 
of July 14, p. 75, Sample A1, for “sap. equiv. 338-3” 
read “‘sap. equiv. 318-3”. 
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SYNTHESIS OF POLYACETYLENIC COMPOUNDS 


By Pror, E. R. H. JONES, F.R.S., Dr. M. C. WHITING, Dr. J. B. ARMITAGE, Dr. C. L. COOK 
and Dr. N. ENTWISTLE 


Chemistry Department, University of Manchester 


URING the period 1927-38, Kuhn and his 

co-workers! synthesized a wide range of con- 
jugated polyethenoid hydrocarbons, and by cor- 
relating light-absorption properties with constitution, 
they not only provided a rational basis for the 
interpretation of the chemistry of the carotenoids, 
but also stimulated much fruitful discussion about 
the fundamental nature of conjugated systems and 
their photochemical excitation’. Recently it has 
become possible to prepare similar compounds in 
which the terminal groupings are separated by a 
chain of conjugated acetylenic, rather than ethylenic, 
linkages, the comparison of which with the cor- 
responding polyenes is of obvious interest. 

In this work our aims were to obtain these sub- 
stances, including when possible the higher members 
of each series, by convenient methods, and to 
characterize them as fully as their stability permits. 
When the widespread natural occurrence of di- and 
tri-acetylenic compounds, in essential oils from 
species of Composite*, in the seed-fat of Onguekoa 
klaineana Pierre‘, and some Basidiomycetes*, became 
evident, the programme was modified to include the 
preparation of fairly close analogues of some of these. 
The recent appearance of publications along similar 
lines*, and the interest of these substances to the 
biochemist and, because of their linear structure and 
consequent simple geometry, to the theoretical 
chemist, make it desirable to summarize our results at 
this stage. 

The reaction sequences employed fall into two 
classes. In the first a glycol is converted by reaction 
with thionyl chloride and pyridine into a dichloride, 
which on dehydrochlorination with sodamide in 
liquid ammonia gives a hydrocarbon containing one 
triple bond more than the starting material. In the 
special case where the original glycol is di-primary, 
the product, a hydrocarbon H(C=C)”,H, may be 
converted by an excess of sodamide to a disodium 
derivative, which can then react in situ with an alkyl 
halide or with a carbonyl compound. If formaldehyde 
is used, such a sequence of reactions formally permits 
an indefinite progression, one triple bond being added 
at each stage, and this has to some extent been 
realized : 


SOCI,,Py 
HOCH,.C=C.CH,OH 


NaNH;,H.CHO 
CICH,.C=C.CH,C1 ———— 
SOCI,.Py 
HOCH,.C=C.C=C.CH,OH ————— 
NaNH,,H.CHO 


HOCH,.C=C.C=C.C=C.CH,OH. 


In the second class the series is ascended more 
rapidly ; a monosodium derivative is obtained by the 
action of three molecules of sodamide on a diprimary 
dichloride, then a monosubstituted poly-yne or 
a poly-yne carbinol is prepared by condensation 


with one molecule of an alkyl halide or a carbony! 
compound, and the oxidative coupling reaction 
employed to convert R.(C=C)pn.H to R(C=C)2,.R. 
Alternatively, a monosubstituted diacetylene may 
be obtained as described above from a primary 
secondary glycol, R.CH(OH).C=C.CH,OH, prepared 
by a Grignard reaction between an aldehyde and the 
bis-bromomagnesium derivative of propargy! alcohol. 

By suitable combinations of these methods a range 
of dimethylpoly-ynes (I; n = 2, 3, 4, 5 and 6) has 
been synthesized. 


CH;.(C=C)n.-CH, Me,C(OH).(C=C)n.C(OH) Me, 
I II 
Ph.(C=C)y.Ph 
til 


The first is well known, and the next two were 
briefly described in October 19497; recently another 
synthesis of (I; mn = 4) has been published"¢. The 
hydrocarbons (I; n = 5 and 6) were prepared as 
indicated below : 


CH,.CH(OH).(C=C),H Ooch, 


CH,.CH(OH).(C=C),.CH(OH).cH, 50°", 


NaNH, (I; = = 6) 


CH,.cHO 53 


CH,.CHCl1.(C=C),.CHCI1.CH, 


HOCH,.(C=C),.CH,OH 50°! ?”, 


CICH,.(C=C),.CH,C1.*88+Me? 


CH,.(C=C),H CUCh™, 


(I; n = 6). 

All are crystalline solids, which (except n < 4) 
decompose below their melting points and were 
crystallized until their ultra-violet absorption spectra 
were constant. They are not dangerously explosive, 
and (I ; n = 4) may even be sublimed at 50°/10-6mm. 
Those members with n > 3 are very easily decom- 
posed by light, but in the dark, or in solution even 
in the presence of light, they are much more stable ; 
storage at —70° is desirable, but all can be crystal- 
lized from warm solvents. 

A series of glycols of type (II) has also been 
obtained, using related methods ; those with n = 2, 
3, 4, 5 were isolated as crystalline solids, appreciably 
more stable than the dimethylpoly-ynes. The glycol 
(II ; n = 6) was also prepared ; but a 10 per cent con- 
centrate could not be further purified. Many glycols 
of other types, especially HOCH,.(C=C),.CH,OH 
and CH,.CH(OH).(C=C),.CH(OH).CH;, have also 
been made; the primary and secondary glycols are 
very much less stable than the corresponding tertiary 
glycols. The dichloride CICH,.(C=C),.CH,Cl, an 
intermediate in the preparation of (II; = 5), is 
the compound most sensitive to light yet encountered 
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in this field; it surpasses silver bromide in this 
respect, becoming dark blue on exposure to diffused 
daylight for 10-30 sec. 

For the preparation of th. diphenylpoly-ynes the 
ibvious extension of one of the routes employed for 
the dimethyl compounds succeeded for (III ; » = 3), 
asily prepared from benzaldehyde by a route 
independently used by other workers*4:® : 
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80CI,,Py 
Ph.CH(OH).(C=C),.CH(OH).Ph———___-——— 
NaOEt or NaNHy 
NaC= CH; ‘ oni 
CuC..0, (III; n =3) 


Ph.CHO 


wMgOCH..C= CMgBr 
. 


: SOCI,,Py 
Ph.CH(OH).C=C.CH,OH 


~+Ph.C=C.C=CH 
NaN He 


| CuCl,O, 
(III; n = 4) 


The next member, (III ; n = 4), was obtained by 
the route shown ; the phenylbutadiyne was also (but 
ss conveniently) prepared from phenylbutadiene 
wtrabromide, a method independently used by 
Schlubach and Franzen“, and isolated as a low- 
melting solid. 

For the preparation of (III; n = 6), «-bromo- 
cnnamaldehyde was condensed with propargyl 
alcohol to give a crystalline glycol, readily converted 
to the dichloride (IV). 


nanf, 
Ph.CH=CBr.CHCl.C =C.CH,Cl 
Iv 


CuCl,O, 
Ph.(C=C),H ———— (III; _ n = 6) 


The latter gave, after dehydrohalogenation and 
xidative coupling, a surprisingly high (30 per cent) 
werall yield of the hexa-yne (III; n = 6). This is 
i beautifully crystalline substance (orange needles) 
vhich is not photosensitive in the solid state and is 
therefore easier to handle than (III; » = 4) or the 
iliphatie poly-yne hydrocarbons. It was fully 
tharacterized by analysis and quantitative hydrogen- 
ation. 

[Added in proof. October 18. Since this manu- 
xript was submitted, diphenylocta-acetylene (III ; 
i = 8) has been obtained by a process essentially 
imilar to that employed for the preparation of 
Ill: n = 6), penta-2 : 4-diyne-l-ol, being employed 
in place of propargyl alcohol. The photosensitive 
octa-yne, which forms red needles, cannot be kept 
undecomposed for more than a few hours at 20°, 
even in the dark. Two samples exploded on attempted 
analysis, but with a third it was possible to obtain 
some approximate analytical data (found: C, 95:3; 
H, 2°85; CggH yo requires C, 97-1; H, 2-9 per cent). 
However, light absorption data quoted below 
provide unequivocal evidence for the assigned 
structure. ] 

The naturally occurring polyacetylenes frequently 
possess ethylenic linkages in conjugation with a 
poly-yne chain, and often carboxyl groups as well ; 
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thus Sérensen*4,* has isolated from Artemesia vulgaris 
L. a compound with the structure 


CH,.CH =CH.C=C.C=C.C=C.CO,Me 
(‘dehydromatricaria ester’). 


The synthesis of model substances possessing these 
features was therefore attempted. Vinyl- and pro- 
penyl diacetylenes were obtained in good yield by 
the following route (R = HorCH;). The anionotropic 
rearrangement® in the chlorination reaction (incom- 
plete when R =H) and the modification in the 
dehydrohalogenation reaction therefore required 
are noteworthy. 


BrMgC =C.CH.OMgBr 
fn =Ch on 
SOCI,,Py 
R.CH =CH.CH(OH).C=C.CH,OH = 
NaNH; 


———_—_—» 


R.CHCI1.CH =CH.C=C.CH,Cl 
R.CH =CH.(C=C),H. 


Vv 


The light-absorption properties of (V; R = Me) 
proved to be very similar to those recorded by 
Castille‘ for erythrogenic or isanic acid, present in 
the glycerides of boleko nuts (Onguekoa klainea 
Pierre). These are now known to exclude the pos- 
sibility that his compound had one of the structures 
(VI) which he suggests, since vinylacetylenes absorb 
intensely at ~ 2230 A. (¢ = 12,000)!°. They are 
compatible with the hypothesis that Castille’s acid 
was a mixture of c. 5 per cent of a Cy, acid possessing 
a —CH =CH.C=C.C=C— grouping, and 95 per cent 
of (VII) (which would show light-absorption of 
relatively low intensity), the alternative structure 
suggested by oxidative degradation‘. The former 
acid has recently been isolated by Dr. E. M. Meade’. 


H,C =CH.C=C.(CH,),.C=C.(CH;);.CO,H 
VI 


H,C =CH.(CH,),.C=C.C=C.(CH;,);.CO,H 
VII 


Oxidative coupling of (V, R = Me) gave (VIII; 
n = 4); the lower members of this series have also 
been obtained, the diyne in two stereo-isomeric forms 
by oxidative coupling of the cis- and trans-forms of 
pent-3-en-l-yne™, and the triyne by the route : 


CuCl.0, 
CH,.CH =CH.CH(OH).C=CH a 


CH,.CH =CH.CH(OH).(C=C),.CH(OH).CH =CH.CH, 
SOCl,.Py 

CH,.CHCI1.CH =CH.(C=C),.CH =CH.CHCI.CH,; 
NaN, | 


(VIII; n = 3). 


This latter (crystalline) hydrocarbon has an ultra- 
violet absorption spectrum almost superimposable on 
that of a liquid hydrocarbon isolated from Artemesia 
vulgaris L.*4, whichjis possibly the cis-cis form of 
(VIII; » = 3). 
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Light-Absorption Properties 


The ultra-violet absorption spectra 
of the compounds prepared show 
many points of interest. In every 
case well-defined fine-structure was 
observed, the maxima showing a 
spacing of 2,000—2,300 cm.—! as 
compared with the typical polyene 
fine-structure spacing of ~ 1,600 
cm.-!. This provides an easy method 
of recognizing polyacetylenic group- 
ings, for example, among the ex- 
tracts of Compositz examined by 
Sérensen et al.? and in the antibiotics 
nemotin, nemotinic acid, nemotin A 
and agrocybin®. 

In the case of dialkylpoly-ynes (the 
spectra of the highest members of the 
series are reproduced here) the most 
noteworthy feature is the very high 
intensity of absorption at short wave- 
lengths; (I;n = 6) has emax. = 
445,000 at 2840 A., easily the highest 








3,000 3,500 
4 (angstroms) 
Light absorption, of (Ii; = 57or_6) 





20 


4* (angstrom* x 10-*) 











Light” absorption” of (I; = 2-6). 
+, Price and,Walsh,y 7'rans. Farad. Soc., 41, 381 (1945) 


CH;.CH =CH.(C=C)n.CH =CH.CH, 
VIII 


CH;.(C=C)n.CO,H HO,C.(C=C)n.CO,H 
Ix x 


On treatment with carbon dioxide, the Grignard 
derivatives of penta-1 :3-diyne and hepta-1 : 3: 5- 
triyne gave the crystalline acids (IX ; n = 2 and 38) ; 
while the derivatives of diacetylene and hexatriyne 
similarly yielded the acids (X; n = 2 and 3), the 
former being obtained in quantity. Re-investigation 
of Baeyer’s claim’ to have prepared the highly 
unstable acid (X; mn = 4) has indicated that the 


reactions he employed do indeed lead to the formation 
of some of this substance, which the original work 
did not establish, 


molecular extinction coefficient yet 
recorded. Indeed, if the absorp- 
tion intensity per unit weight (as 
E(1 per cent, 1 cm.) ) is considered, the dimethy]- 
poly-ynes exceed all other substances by a factor 
approaching 3 ((I; » = 6) has £(1 per cent, 1 cm.) = 
25,500; anthracene has (at 2510 A), Z(1 per cent, 
1 cm.) = 9,400, the highest value which could be 
found). In this region the highest maxima have 
molecular extinction coefficients approximating to 
72,000 n, whereas the polyenes do not exceed 18,000 n. 

The variation of A*max. with m in the dimethyl- 
poly-ynes is illustrated below both for the first of 
the ultra-high-intensity bands and for the first of the 
medium-intensity (¢ ~ 20U) bands observed at longer 
wave-lengths. An accurately linear relationship is 
observed in each case. 

[Added in proof. October 18. Diphenylocta- 
acetylene (II1; mn = 8) in ethyl acetate solution 
exhibited the following maxima: Amax.A. 2440, 
2595, 2740, 3040, 3220, 3415, 3580, 3760, 4300, 
4660 and 5090; log,oe 4-42, 4-38, 4-49, 5-00, 5-36, 
5-48, 5-40, 5-17, 4:09, 3-98 and 3-95 respect- 
ively.] 

The ultra-violet absorption spectra of the other 
polyacetylenic compounds prepared will be discussed 
in later publications, »iong with infra-red spectra, 
but a list is given below of those of some of the 


LIGHT-ABSORPTION PROPERTIES OF SOME POLYACETYLENES 











t 





Amax.(A.) 2290, 2385, 2510, 2640, 2800 
(V, R = Me) ¥ 
ex 10° 20 50 {99 14-0 11-0 
max.(A.) 2300, 2355, 2440, 2610, 2760, 2920, 3110 
(VIII; 2 = th 
x10 31:0 30°0 23:0 80 145 21-0 17-0 
imax.(A.) 2450, 2590, 2690, 2890, 3055, 3250, 3480 
(VIII; = 8) 
x 107% 25-4 43-1 76-4 11-4 18-4 25-8 20-1 
Amax.(A.) 2450, 2605, 2745, 2940, 3180, 3410, 3660, 3960 
(VIII; 2 = ‘) 
x10 51-2 71-4 98-7 75:3 8-2 12-1 18-6 7:3 
Amax.(A.) 2350, 2465, 2600, 2755 
(IX; = 2) 
ex 10% 1-75 3°25 4-10 1°40 
Amax.(A.) 2200, 2700, 2860, 3050, 3260 
(IX 5; = 3) 
ex 10% 62:0 24 28 25 21 
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model compounds related to substances already 


found in Nature. 

1Kuhn and Wintersteiu, Helv. Chim. Acta, 11, 87 (1927). Kuhn and 
Grundmann, Ber., 71, 442 (1938). 

s * Hewseer, Kuhn and Smakula, Z. phys. Chem., 29, ¥" a 

3 (a) bh ogee Smirnov and Golmov, J. Gen. Chem. U , 5, 1195 
(1935). (6) Sérensen and Stene, ——, mo 49,80 i), ate Bruun 
Haug and Sérensen, Acta C: 350 (1950). (d) Stavholt 
and Sérensen, tbid., 4, 1567, S70 ett ebOy, 

‘ Castille, Annalen, 643, 104 (1939). 

‘(a) Anchell, Polatnick and Kavanagh, Arch. Biochem., 25, 208 
(1950). (by Kavanagh, Hervey ard Robbins, Proc. U.S.’ Nat. 

Acad. Sci., 36, 1, 102 (1950). (ce) cf. Anchell (in the press). 

*(a) Sehiubach and Franzen, Annalen, 572, 116 (1951). (6) Kuhn 
and un, Ber., 84, 566 (1951). (e) ‘Bohimann, Angew. Chem., 63. 
218 (1951). 

7 Jones, Tilden Lecture, J. Chem. Soc., 760 (1950). 

8 cf, Jones, Heilbron, Lacey, McCombie and Raphael, J. Chem. Soc., 
77 (1945). 

* Private communication. 

‘© Jones and McCombie, J. Chere. Soc., 261 (1943). 

“ Bglinton and Whiting, J. Chem. Soc., 3650 (1950). 

1’ Baeyer, Ber., 18, 2269 (1885). 


No. 4282 


THE HYPERGLYCAMIC ACTION 
OF BLOOD FROM ANIMALS 
TREATED WITH GROWTH 

HORMONE 


By Dr. J. BORNSTEIN* 


Dept. of Chemical Pathology, King’s College Hospital, 
London 


Dr. E. REIDt and Pror. F. G. YOUNG, F.R.S. 


Dept. of Biochemistry, University of Cambridge 


HE alloxan-diabetic-hypophysectomized—adren- 

alectomized rat (ADHA rat) can be used for the 
assay of insulin in blood!. Since growth hormone is 
diabetogenic in intact® or partially depancreatized® 
animals of some species, the insulin content of the 
blood of animals treated with growth hormone was 
of some interest. Bornstein‘ found in preliminary 
experiments that the blood of ADHA rats treated 
with growth hormone not only failed to exhibit an 
insulin-like action in recipient ADHA rats, but also 
induced a rise of blood sugar in the recipient animals. 
The rat is one species of animal which does not, in 
the intact state, become diabetic when treated with 
growth hormone. In view of the results of these 
preliminary experiments, it was of interest to 
determine whether blood obtained from cats treated 
with growth hormone, which were either diabetic or 
about to become diabetic, displayed any tendency 
to increase the blood sugar in recipient ADHA 
rats. 

There is some reason to associate the pancreas 
with the high insulin requirement of dogs with 
metahypophyseal-* or alloxan-* diabetes, relative to 
that of depancreatized dogs, and moreover the 
pancreatic islets (a-cells ?) are known to contain a 
substance antagonistic in some respects to insulin’. 
It was thus of particular interest to test portal vein 
blood, as well as peripheral blood, from animals 
treated with growth hormone, for hyperglycemic 
activity in ADHA rats. 


* Working under a travelling grant from the National Health a: 
edical Research Council of Australia. - 


t Beit Memorial Research Fellow. 
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Methods. ADHA male rats weighing about 220 gm. 
were deprived of food for 14 hr., by which time their 
blood-sugar level was about 100 mgm./100 ml. They 
were lightly anesthetized (pentothal) and blood 
withdrawn from the tail vein for blood-sugar 


estimation. The sample of blood (1 ml.) from the 
donor animal (rat or cat) was then injected intra- 
venously into the femoral vein of an ADHA rat, and 
further blood samples taken from the rat for blood- 
sugar estimation at 10, 20 and 30 min. after the 
injection. Blood sugar was estimated on heparinized 
blood samples by the Harding modification of the 
Shaffer-Hartman method. In certain experiments 
glycogen was determined, by the Good-Kramer- 
Somogyi method, on biopsy samples taken success- 
ively from one lobe of the liver with a cutting 
cautery. 

The growth hormone was derived from ox anterior 
pituitary glands by either of two purification pro- 
cedures®. 

In the preliminary experiments, in which ADHA 
donor rats were used, these animals were given 
1 mgm. of growth hormone subcutaneously 24 hr. 
before the blood sample was taken, and a further 
0-5 mgm. 1 hr. before sampling. Heparinized blood 
samples, obtained from the portal vein or from the 
femoral vein under light pentothal anesthesia, were 
injected intravenously into recipient ADHA rats. 
Some ADHA rats received an intravenous injection 
of 0-5 mgm. of growth hormone in place of a blood 
sample. 

The cats used were intact male animals, and were 
given daily subcutaneous injections of purified 
growth hormone of which, in a typical experiment, 
a daily’ dose of 10 mgm. induced a substantial 
glycosuria (10-20 gm./day) after five days of treat- 
ment. Where a ‘prediabetic state’ of the cats was 
investigated, only two injections of growth hormone 
were given. 

In cat No. 237, diabetes had been induced by 
treatment with growth hormone in an initial test, 
but later this animal had become insensitive to the 
diabetogenic action of small doses of growth hormone, 
and was regarded as ‘refractory’. Two injections of 
growth hormone were given before the blood sample 


Table 1. Influence of the injection of blood from ADHA rats treated 
with growth hormone on a blood sugar of recipient ADHA rats 
(P vein = portal vein; vein = femoral vein; significance of 
observation = robabllity cs) that- the difference between the blood- 
sugar data for control and experimental rats is due to chance) 














Donor ADHA rats Recipient ADHA rats 
Change Signific- 
va Source | Number} in blood ance of 
Treatment of of sugar observa- 
cots blood | animals} (mgm./ tion 
100 ml.)* | (per cent) 
(a) At 5 min. aa donor blood 
Control P vein <4 —447 
Growth 
hormone 8 P vein 8 +28412 <0°1 
(b) At 10 min. “_ donor — 
Control P vein 7 —44+9 
Growth g 'P vein 8 +26415 <1 
hormone F vein 5 +4+7 
(c) At 20 min. after donor blood 
Control 7 P vein 7 +249 
Growth {3 P vein 8 +13413 <5 
hormone F vein 5 +247 
(d) At 30 min. a“ donor pong 
Control vein 4 +2+14 
Growth P vein 8 +12412 <5 
hormone 3 F vein 5 —248 























* With standard deviation of the observations. 
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Table 2. Influence of intravenous injection of growth hormone on 
e blood sugar of ADHA rats 
Time after injection of cones: - ee | 
growth hormone (min.) No. of rats 
(nina. 100 ml.)* | 
5 7 —246 | 
10 7 +1+8 
20 7 +5413 
30 7 +7414 














* With standard deviation of the observations. 


was taken. No injections were given to cat No. 203 
with metahypophyseal diabetes. 

Eighty minutes after the last growth-hormone 
injection (with the exception of cat 238 for which 
the period was 24 hr.), and 3 hr. after withdrawal of 
food, the cats were anxsthetized under pentothal. 
Blood was then withdrawn either from the pan- 
creatico-duodenal vein or from the femoral vein, and 
administered intravenously to the recipient ADHA 
rats. 

In experiments with control cats, two of which 
had been treated with an inactivated growth-hormone 
preparation, five pairs of recipient ADHA rats 
receiving portal blood yielded data for 10- and 
20-min. samples which, on statistical analysis, estab- 
lished that there was no significant variation from 
one cat to another. This being so, the blood-sugar 
values in the recipient rats treated with blood from 
control donor cats were averaged, and the results 
expressed as the mean value together with the 
standard deviation for the individual observations. 
These control values formed the basis on which the 
significance of the results with treated cats was 
determined. 

Results : 

Donor ADHA rats. The results with donor ADHA 
rats are summarized in Table 1, from which it is 
clear that a transient but significant rise in the 
blood-sugar level of recipient rats was produced by 
the administration of portal blood from animals 
treated with growth hormone, but not with peri- 
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Table 3. Influence of the injection of blood from ADHA rats treated 

foiset teen hormone sy the liver glycogen of recipient ADHA rats, 

from portal vein. Significance of a = probability 

(%) that the “Gabvense between the liver glycogen data for control 
and experimental rats is due to = 


VOL. 168 














Donor ADHA ruts Recipient ADHA rats 
ae giycogen (as - 
ucose; mgm. oj 
Treat- | No.of | No. of tissue ay Signific- 
ment | animals | animals ance of 
Change, observa- 
At 0 min.* |10 min, after} “on 
donor blood* 
Control 5 5 1-08+0°23 |—0-01+0°13 
Growth + 
hormone 5 5 1:29+0°15 |—0-47+0-18 <1 


























* With standard deviation of the observations. 


pheral blood from such rats, nor with portal blood 
from rats treated with saline. It is also of interest 
that when the recipient ADHA rats received injections 
of growth hormone instead of blood from ADHA rats 
treated with growth hormone (Table 2), there was no 
immediate eftect on the blood sugar level, although a 
delayed transient rise was observed in some of the 
animals. The hyperglycemic action of blood from 
donor rats treated with growth hormone was associ- 
ated with a depletion of liver glycogen in the recipient 
rats (Table 3). 

Donor cats. Pancreatico-duodenal biood samples 
from intact cats in which growth-hormone diabetes 
had been induced, produced in recipient ADHA rats 
(Table 4) an abrupt rise in the blood-sugar level, 
although no rise was induced when blood from the 
femoral vein of donor cats was used. Indeed, in the 
experiments with diabetic cats 230 and 234, in which 
the rise of blood sugar in the recipient rats treated 
with portal blood was somewhat smaller than that 
for the other diabetic animals, the peripheral blood 
caused a fall of blood-sugar level in the recipient 
rats which may well have indicated the presence of 
insulin in the peripheral blood of the donor cats. 
Somewhat similar findings were obtained with blood 


Table 4. Influence of the injection of blood from cats treated with growth hormone on the blood sugar of ADHA rats. 


<P vein = pancreatico-duodenal vein ; F vein = femoral vein ; 


significance of observation = probability (%) that the difference between the 
blood-sugar data for control and experimental cats is due to chance) 





] 















































Donor cats | Recipient ADHA rats 
At 10 min. after donor blood At 20 min. after donor blood At 30 min, aftc«r donor blood 
Experimental | Reference | Source of | No. of | Changein| Signific- | No. of | Change in| Signific- | No. of | Change in| Signific- 
condition No. blood animals blood ance of | animals blood ance of | animals blood ance of | 
sugar observa- sugar observa- sugar observa- 
(mgm./ | tion (%) (mgm./ | tion (%) (mgm./ | tion(%) | 
100 ini. ) 100 ml.) 100 wil.) 
Control 219, 221, 
232, 235, | | 
236, 247 Pvein | 11 —2+9* -— 11 —3+13* _ 10 —5+19* _ | 
Control 219,232 | Fvein | 3 +446* — 3 —747" —- 3 —9420* — | 
Pre-diabetic 24 4 vein 3 = 3 —23 <5 3 —29 <5 
; vein 2 - — a xd _ — 
Pre-diabetic 245 F vein i —18 <10 1 -6 1 —35 
Pre-diabetic 246 P vein 3 +15 2 3 0 3 —7 
P vein 2 +42 <071 1 +34 <2 1 +4 
Diabetic 213 F vein 2 +3, : +8 2 Be 
vein 1 +1 <10 + 1 +2 
Diabetic 230 F vein 1 —25 <5 1 —38 <5 1 —39 
Diabetic 233 a vein : = <0°1 2 +S < i: 2 +388 <5 
A vein + 2 +28 < 2 —16 
Diabetic 234 F vein 1 be 1 —6 1 3B 
Post-diabetic 238 F vein 2 +18 <10 2 +21 <10 2 +11 
Refractory 237 P vein 2 +4 2 0 2 -3 
Metahypo- 
Binbotes 
tes 203 F vein 1 +8 1 —2 1 —4 


























* With standard deviation of the observations. 
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from ‘pre-diabetic’ cats. The  blood-sugar level of 
recipient rats was not significantly influenced by 
pancreatico-duodenal blood from the refractory cat, 
nor by peripheral blood from the cat with meta- 
hypophyseal diabetes. 

Discussion. The results indicate that portal blood 
but not peripheral blood of animals made diabetic 
by growth hormone exerts a hyperglycemic effect 
on recipient ADHA rats. Peripheral blood, on the 
other hand, sometimes causes a significant fall in 
the blood-sugar level of recipient ADHA rats such 
as might indicate the presence of insulin. These 
results are consistent with the view that growth- 
hormone treatment causes the liberation of the 
hyperglycemic substance from the pancreatic islets, 
and that this substance, in contrast with insulin, does 
not reach the peripheral veins in appreciable amounts. 

It must be admitted that other interpretations of 
these results are not ruled out by the present experi- 
ments. Since, however, pancreatico-duodenal or 
portal vein blood from suitable animals treated with 
growth hormone exerts a hyperglycemic action in 
ADHA rats, the simplest hypothesis, namely, that 
this effect is due to the presence in portal blood of 
the hyperglycemic substance from pancreatic islets, 
may ‘be accepted until evidence disproving it is 
obtained. 

We do not wish to discuss here the possibility that 
the influence of growth hormone on carbohydrate 
metabolism is mediated in part or wholly by secretion 
of the pancreatic hyperglycemic factor. We do wish 
to point out, however, that since the factor is not 
confined to the pancreatic islets’, experiments 
demonstrating an action of growth hormone on the 
carbohydrate metabolism of completely depancreat- 
ized animals® do not finally exclude this possibility. 

Summary. Pituitary growth hormone was given to 
alloxan—diabetic—hypophysectomized—adrenalectom- 
ized rats, or to intact cats under conditions such that 
diabetes was induced. Portal blood from these 
animals was consistently found to exert a hyper- 
glycemic action when administered to recipient 
alloxan—diabetic—hypophysectomized—adrenalectom- 
ized rats. Such a hyperglycemic effect was not found 
when growth hormone was administered directly to 
the recipient rats. These observations are con- 
sistent with the view that under the influence of 
growth hormone the pancreatic islets liberate their 
ey hyperglycemic substance into the portal 

ood. 
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Council to one of us (F. G. Y.) and by Boots Pure 
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LONGEVITY OF NELUMBO FRUITS 


ONSIDERABLE interest was aroused in Great 

Britain in 1933 by the flowering at the Royal 
Botanic Gardens, Kew, of plants of the sacred lotus 
(Nelumbo nucifera Gaertner, syn. Nelumbium speci- 
osum Willd.) raised from fruits taken there by a 
Japanese botanist, Ichiro Ohga, who bad found them 
in the peat of a long-dried-up Manchurian lake (Bot. 
Mag. ‘1 okyo, 37, 87; 1923). 

A like interest has been aroused this year in the 
United States by the germination at Washington 
in March 1951 of Nelumbo fruits having the same 
origin. These fruits came from a peat layer over- 
laid by several feet of loess on which trees grew ; 
hence Ohga concluded that they must be at least 
300-400 years old. Nelumbo fruits are nut-like and 
commonly regarded as seeds, the apparent fruit 
being a large obconical receptacle ; they have a very 
hard coat impervious to air and water, and will not 
germinate until this coat has been broken or 
softened, for example, by filing or by the use of 
concentrated sulphuric acid. Fruits known to be 
150 years old were germinated by Robert Brown ; 
others known to be fifty-six years old were germinated 
by Becquerel (see Kew Bulletin, 263; 1933). An 
interesting paper on “How old are the Manchurian 
Lotus Seeds ?”’ by Prof. Ralph W. Chaney, Depart- 
ment of Paleontology, University of California, 
indicates that these Manchurian fruits may have 
retained their vitality over a period much exceeding 
four hundred years, possibly for thousands of years. 

The sequence of events, as outlined by Chaney in 
The Garden Journal of the New York Botanical 
Garden, 1, No. 5, 137 (September 1951) and by 
Ohga, seems to have been as follows. On the floor 
of a lake, about a mile across, in the Pulantien Basin 
of southern Manchuria, there accumulated a thick 
layer of plant fragments, among them the durable 
fruits of the lotus, a species which grows in shallow 
water. This process may have taken several centuries. 
Later the lake drained, and dust from the Gobi desert 
covered the peat with several feet of loess. The 
Japanese geologist Endo believes this loess deposit to 
be of Pleistocene age and the peat layer and its fruits 
to be 50,000 years old; if so, these fruits may have 
begun their long sleep at a time when Peking man 
(Pithecanthropus pekinensis) roamed eastern Asia. 

To botanists accustomed to the short period during 
which most seeds and fruits retain their vitality, 
Ohga’s estimate of a longevity of four hundred years 
was startling; Endo’s estimate of 50,000 years 
accordingly seems fantastic, although a form of 
packing which protected the embryo and its food- 
reserves against molecular change so effectively for 
four hundred years might well protect them indefin- 
itely. There can be no doubt that these Manchurian 
lotus fruits are very old. The species nowadays does 
not grow wild within a thousand miles of the Pulantien 
lake, and these Pulantien fruits differ in size and shape 
from those of the modern Indian form of the species 
with which they have been compared. A preliminary in- 
vestigation by Dr. W. F. Libby, University of Chicago, 
of the residual carbon-14 isotope of a few fruits avail- 
able in the United States puts their age at 1,040 
years (-+ 210) according to a note in Science, 114, 296 
(September 1951), Further investigation is planned. 

The retention of viability by Nelumbo fruits for a 
thousand years or so is in its way as great a botanical 
sensation as the discovery of Metasequoia glypto- 
stroboides a few years ago. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Is there an Ather ? 


In the last century, the idea of a universal and 
all-pervading wther was popular as a foundation on 
which to build the theory of electromagnetic phe- 
nomena. The situation was profoundly influenced 
in 1905 by Einstein’s discovery of the principle of 
relativity, leading to the requirement of a four- 
dimensional formulation of all natural laws. It was 
soon found that the existence of an «ther could not 
be fitted in with relativity, and since relativity was 
well established, the ether was abandoned. 

Physical knowledge has advanced very much since 
1905, notably by the arrival of quantum mechanics, 
and the situation has again changed. If one re- 
examines the question in the light of present-day 
knowledge, one finds that the zther is no longer ruled 
out by relativity, and good reasons can now be 
advanced for postulating an ether. 

Let us consider in its simplest form the old argu- 
ment for showing that the existence of an «ther is 
incompatible with relativity. Take a region of space- 
time which is a perfect vacuum, that is, there is no 
matter in it and also no fields. According to the 
principle of relativity, this region must be isotropic 
in the Lorentz sense—all directions within the light- 
cone must be equivalent to one another. According 
to the «ther hypothesis, at each point in the region 
there must be an wether, moving with some velocity, 
presumably less than the velocity of light. This 
velocity provides a preferred direction within the 
light-cone in space-time, which direction should show 
itself up in suitable experiments. Thus we get a 
contradiction with the relativistic requirement that 
all directions within the light-cone are equivalent. 

This argument is unassailable from the 1905 point 
of view, but at the present time it needs modification, 
because we have to apply quantum mechanics to the 
zther. The velocity of the xther, like other physical 
variables, is subject to uncertainty relations. For a 
particular physical state the velocity of the wxther 
at a certain point of space-time will not usually be 
a well-defined quantity, but will be distributed over 
various possible values according to a probability 
law obtained by taking the square of the modulus of 
a wave function. We may set up a wave function 
which makes all values for the velocity of the zther 
equally probable. Such a wave function may well 
represent the perfect vacuum state in accordance with 
the principle of relativity. 

One gets an analogous problem by considering the 
hydrogen atom with neglect of the spins of the electron 
and proton. From the classical picture it would seem 
to be impossible for this atom to be in a state of 
spherical symmetry. We know experimentally that 
the hydrogen atom can be in a state of spherical 
symmetry— any spectroscopic S-state is such a state 
—and the quantum theory provides an explanation 
by allowing spherically symmetrical wave functions, 
each of which makes all directions for the line joining 
electron to proton equally probable. 

We thus see that the passage from the classical 
theory to the quantum theory makes drastic 
alterations in our ideas of symmetry. A thing 
which cannot be symmetrical in the classical model 
may very well be symmetrical after quantization. 
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This provides a means of reconciling the disturbance 
of Lorentz symmetry in space-time produced by 
the existence of an exther with the principle of 
relativity. 

There is one respect in which the analogy of the 
hydrogen atom is imperfect. A state of spherical 
symmetry of the hydrogen atom is quite a proper 
state—the wave function representing it can be 
normalized. This is not so for the state of Lorentz 
symmetry of the ther. 

Let us assume the four components v, of the 
velocity of the «ether at any point of space-time 
commute with one another. Then we can sct up a 
representation with the wave functions involving the 
v’s. The four v’s can be pictured as defining a point 
on a three-dimensional hyperboloid in a four. 
dimensional space, with the equation : 


Vo? — v2? — v2 — v3? = 1 


%> 0. (1) 
A wave-function which represents a state for which all 
zther velocities are equally probable must be inde- 
pendent of the v’s, so it is a constant over the hyper- 
boloid (1). If we form the square of the modulus of 
this wave function and integrate over the three- 
dimensional surface (1) in a Lorentz-invariant 
manner, which means attaching equal weights to 
elements of the surface which can be transformed 
into one another by a Lorentz transformation, the 
result will be infinite. Thus this wave function cannot 
be normalized. 

The states corresponding to wave functions that 
can be normalized are the only states that can be 
attained in practice. A state corresponding to a 
wave function which cannot be normalized should 
be looked upon as a theoretical idealization, which 
can never be actually realized, although one can 
approach indefinitely close to it. Such idealized states 
are very useful in quantum theory, and we could not 
do without them. For example, any state for which 
there is a particle with a specified momentum is of 
this kind—the wave function cannot be normalized 
because from the uncertainty principle the particle 
would have to be distributed over the whole universe 
—and such states are needed in collision problems. 

We can now see that we may very well have an 
zther, subject to quantum mechanics and conforming 
to relativity, provided we are willing to consider the 
perfect vacuum as an idealized state, not attainable 
in practice. From the experimental point of view, 
there does not seem to be any objection to this. 
We must make some profound alterations in our 
theoretical ideas of the vacuum. It is no longer a 
trivial state, but needs elaborate mathematics for 
its description. 

I have recently! put forward a new theory of 
electrodynamics in which the potentials A, are 
restricted by : 


A, A, = k', 
where & is a universal constant. From the continuity 


of Ay we see that it must always have the same 
sign and we may take it positive. We can then put 
k Ay = % (2) 
and get v’s satisfying (1). These v’s define a velocity. 
Its physical significance in the theory is that if there 
is any electric charge it must flow with this velocity, 
and in regions where there is no charge it is the 
velocity with which a small charge would have to 
flow if it were introduced. 
We have now the velocity (2) at all points of 
space-time, playing a fundamental part in electro- 
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dynamics. It is natural to regard it as the velocity 
of some real physical thing. Thus with the new 
theory of electrodynamics we are rather forced to 
have an ether. 


No. 4282 


P. A. M. Drrac 
St. John’s College, 
Cambridge. Oct. 9. 
1Proc. Roy. Soc., [A, 209, 291 (1951)}. 


The Proportional Counter in X-Ray 
2 Diffraction Work 


REcENtT work, for example, that by Curran e¢ al.', 
has shown how the proportional counter can be made 
a reliable tool for measuring the 
energies of soft radiations. Used 
as a detector for measuring the 
intensities of diffracted X-rays, it 
possesses many advantages over the 
Geiger counter. With the propor- 
tional counter, counting losses are 
entirely negligible for all X-ray in- 
tensities likely to be realized with 
conventional X-ray generators and 
diffraction techniques. The possibil- 
ity of discriminating against un- 
wanted radiations of wave-lengths 
other than that of the character- 
istic radiation used for diffraction 
purposes enables diffraction records 
of greatly improved quality to 
be obtained, especially when the 
specimen gives rise to appreciable 
fluorescent radiation. Particularly 
valuable is the ability to cut out 
radiation the wave-length of which 
is a submultiple of that of the char- 
acteristic radiation. The life of the 
proportional counter is practically 
infinite, and so it is much more 
economical than the organic-vapour- 
quenched Geiger counters commonly 
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doubling the X-ray tube current. On curve (a) a 
low peak at 16 keV. is due to the presence of radia- 
tion of wave-length 4 = 0-77 A. from the second-order 
reflexion, 400. The harmonic is thus present in 
noticeable amount even at the low X-ray tube volt- 
age of 30 kV. The small peaks on the low-energy 
side of both the 8 keV. and 16 keV. peaks are due to 
a small fraction of energy being lost as argon fluores- 
cent K radiation which was not absorbed in. the 
counter gas. 

Figs. 2a and b show counter spectrometer records 
of part of the diffraction spectrum of powdered 
chrome alum taken by Geiger counter in Fig. 2a and 
by proportional counter in Fig. 2b. Copper Ka 
radiation was used, and in each case a nickel § filter 
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employed as X-ray detectors. 0 

A cylindrical brass-bodied propor- 0 
tional counter has been used mounted 
with its axis at right angles to the 
diffracted X-ray beam, which enters 
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by a thin beryllium window. The 
counter was filled to atmospheric 
pressure with argon plus ethylene. 
Amplified counter pulses pass through 
& variable-width single-channel pulse 
analyser the output of which feeds 
ascaling unit and/or rate-meter with 
graphical recorder. 

Fig. 1 shows that radiation of 
wave-length 4 = 1-54 A. and energy 
8:05 keV. (copper Ka) is com- 
pletely separated from the harm- 
onic wave-length of A = 0-77 A. and 
energy 16:1 keV. Curve (a) was 
obtained with characteristic radia- 
tion reflected by plane 200 of a 
lithium fluoride plate set at the 
appropriate glancing angle, the X-ray 
tube being run at 30 kV. Curve (b) 
shows radiation of wave-length A = | 
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was placed in front of the counter window. The two 
runs were made under identical conditions, only the 
counters being changed. It will be seen that the 
background in the proportional counter record is only 
about one quarter of that in the Geiger counter 
record. Several weak lines that can be barely dis- 
tinguished above the statistical fluctuations of the 
high background in the Geiger counter record stand 
out clearly in the proportional counter record and 
allow reasonable estimates to be made of their 
intensities. Comparison of peak heights in the two 
curves shows that the proportional counter has a 
higher sensitivity for copper Ka radiation than the 
Geiger counter used, which was the best commercially 
available type. The natural background-rate of the 
proportional counter falling in the channel used for 
copper Ka radiation measurements was 15 counts 
per minute, only a quarter of that of the Geiger 
counter. 

This work was supported by a grant from the 
British Electrical and Allied Industries Research 
Association. 

A. R. Lane 


Crystallographic Laboratory, 
Cavendish Laboratory, 
Cambridge. 
Sept. 28. 
a Core C., Angus, J., and Cockroft, A. L., Phil. Mag., (7), 40, 36 


Racemization of N-Acylaspartic Acids 


AN exception to the general applicability of the 
method devised by du Vigneaud and Meyer! for the 
racemization of N-acyl-a-amino-acids has been dis- 
covered in the course of an attempt to racemize 
N-acetyl- and N-benzoyl-L-aspartic acids. The method 
of du Vigneaud and Meyer depends for its success 
upon the intermediate formation of a readily racemiz- 
able oxazolone when an aqueous solution of the 
sodium salt of such an acid is stirred with acetic 
anhydride. This treatment, which leads to the com- 
plete racemization of the N-acetyl derivatives of 
optically active methionine, cystine, arginine, tyros- 
ine, phenylalanine, tryptophane and glutamic acid!, 
achieves, however, only 13 per cent and 24 per cent 
racemization when applied to N-acetyl- and N-benzoy]l- 
L-aspurtic acids respectively. 

The N-acylaspartic acids are unique in that they 
can, theoretically, become dehydrated in three altern- 
ative ways to give oxazolones (I), true anhydrides 
(II), and dihydro-6-keto-1 :3-oxazines (III) re- 
spectively. The latter type of compound has received 
but little study; Baker and Ollis* have prepared 
5 : 6-dihydro-6-keto-4 : 4-dimethyl-2-phenyl-1 : 3-ox- 
azine from $-benzamidotsovaleric acid, and pointed 
out that this type of compound may play a part in 
the chemistry of N-acylaspartic acids. Since the 
preferential formation of the anhydride or the 
dihydro-1 : 3-oxazine would account for the failure 
to racemize, the structures of the crystalline products 
obtained from these acids by the action of acetic 
anhydride have now been examined. 

In this connexion it is of interest that. Harington 
and Overhoff‘ obtained two dehydration products, 
melting points 145° and 175° respectively, from 
N-acetyl-L-aspartic acid and acetic anhydride. They 
ascribe to the former the oxazolone structure, on the 
grounds that it gives 2-methyl-5-oxazolone-4-acetyl 
chloride when treated with phosphorus pentachloride, 
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while the anhydride structure is ascribed to the 
isomer of higher melting point without evidence. I+ 
has now been established that they both possess the 
anhydride structure, and that they are the racemie 
and optically active forms respectively. The isomer 
of lower melting point is invariably formed from 
N-acetyl-DL-aspartic acid; but either form may be 
obtained from the optically active acid. To obtain 
consistently the optically active anhydride, the 
N-acetyl-L-aspartic acid, which could not be obtained 
crystalline, must be quite free from sodium acetate, 
which is present as a contaminant when an aqueous 
alkaline acetylation of L-aspartic acid has been 
carried out. 

The anhydride structure of these compounds is 
indicated by their total lack of reactivity towards 
diazomethane, by the formation of an a-amide with 
ammonia (thus eliminating structure III), and by 
the failure of the optically active anhydride to be 
racemized upon hydrolysis in aqueous sodium acetate 
(thus eliminating structure I). The structure is con- 
firmed by the furmation with aniline of two anilides, 
melting points 199° and 176-179° (decomp.) re- 
spectively. Similar considerations lead to the alloca- 
tion of the anhydride structure to the anhydro 
N-benzoyl-L-aspartic acid. 

The demonstration of the structures of these 
crystalline products does not, of course, rule out the 
presence of other anhydro-products at equilibrium in 
solution. The partial racemization produced by apply- 
ing the method of du .Vigneaud and Meyer may be 
due to some oxazolone formation, while the more 
complete racemization, produced when N-acetyl-L- 
aspartic acid is heated with acetic anhydride con- 
taining a little sodium acetate, may be due to the 
same cause. It has been established, however, that 
racemization can occur in such a medium when 
oxazolone formation is impossible, for example, the 
racemization of N-acetyl-t-proline’. Such racemiza- 
tion probably occurs as a result of the enolization of 
the anhydride, and new support for this mechanism 
is found in the observation that the water-insoluble 
N-benzoyl-L-aspartic anhydride dissolves readily in 
dilute sodium hydroxide to give a faintly yellow solu- 
tion, which has an intense blue fluorescence in ultra- 
violet light. Both colour and fluorescence fade during 
the course of an hour as hydrolysis to the sodiwn 
salt of the acid occurs, and the product is completely 
racemized. The colour, fluorescence and racemization 
seem to be best explained by postulating the forma- 
tion of the ion (IV). 

As anticipated, N-benzoyl-L-asparagine is almost 
completely racemized (95 per cent) when its sodium 
salt is stirred with aqueous acetic anhydride. 
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O A fuller account of these investigations will be 
\ published elsewhere. 
O C. C. BARKER 
/ University College, 
0 Hull. 
June 28. 
‘du Vigneaud, V., and Meyer, C. E., J. Biol. Chem., 98, 295 (1932). 
‘du Vigneaud, V., and Sealock, R. R., J. Biol. Chem., 96, 511 (1932). 
‘Raker, W., and Ollis, W. D., J. Chem. Soc., 345 (1949). 
‘Harington, C. R., and Overhoff, J., Biochem. J., 27, 338 (1933). 
‘Carter, H. E., and Stevens, C. M., J. Biol. Chem., 188, 117 (1940). 
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0 A New View of the Aryihydroxylamine 
Rearrangement 
Ir is a commonplace that those acid-catalysed 
9 the Jaromatic rearrangements, which conform to the 
e. It Fgeneral pattern, 
mathe acid 
cemie C,H;.NRX —-> (o- or p- ) X-CgH,.NHR, 
es X =Cl, Br, I, NO,, NO, SO,H, OH, NHAr, N,Ar, Alk, 
ay be | .otwithstanding that they are formally so similar, 
»btain F io not all proceed by the same mechanism: some 
» the Finvolve intermolecular processes and some intra- 
ained J molecular. But they are usually all held to have at 
etate, Bicast this in common, namely, that X migrates as an 
ueous F lectrophilic fragment : whatever adventures it may 
been fo through while in transit, it separates from nitrogen 
.. | without the electrons by which it was bound thereto, 
ids is find it unites with aromatic carbon by means of 
wards F sjectrons which the latter has to supply. Such re- 
oes wrangements may be called ‘electrophilic rearrange- 
nents’. 
to be This communication presents the view that there 
cetate Five actually at least two classes of rearrangements 
3 con- Hmong the examples formulated above ; that most 
ilides, ff them are, indeed, electrophilic rearrangements ; 
-) Te- Fiut that the arylhydroxylamine rearrangement, in 
uloca- | articular, exemplifies the opposite process, a ‘nucleo- 
hydro F hilic rearrangement’: the OH group separates from 
nitrogen with the electrons with which it was bound ; 
these fand a nucleophilic OH fragment uses its own un- 
ut the Bthared electrons for the purpose of combining with 
um 1. §. carbon kernel. With the customary ellipsis of 
apply- lowing single valency structures to represent meso- 
ay b® Eneric systems, the proposed mechanism may be 
aaa ormulated for a para-rearrangement as follows: 
con- <=» ——“p. 
0 thei S- NH.OH, + H=¢7=nu = 
a “ae: we iteigy 
when pers Saat Se = rhs 
o. the STN ann SP: 
emiza- H’ “==> == 
ion of 
anism jn the strictly isomeric change, Y: wc -!d be a water 
soluble molecule ; but taking closely related non-isomeric 
lily in §substitutions into account, Y: could be any suffi- 
y solu- Mciently accessible and reactive nucleophilic molecule 
ultra- Hor anion. The mechanism is here formulated in an 
during J5yl’ manner, in accordance with the present evi- 
odium Hence; but an Sy2’ form of it may also exist, in 
pletely @vhich the first two stages, as written, would become 
ization @telescoped into a single stage. 
forma-@ This is not the picture hitherto presented of the 
arylhydroxylamine rearrangement: reference may 
almost ge made to a recent discussion by Dewar!. Because 
jodium he transference of hydroxyl from an arylhydroxyl- 






mine to a foreign amine or phenol has not been 
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achieved’, and because hydrogen peroxide is not 
known to be produced during rearrangement in 
water, Dewar concludes that the rearrangement is 
electrophilic and intramolecular, adding the rider 
that it illustrates his m-bond theory (in which Xt, 
though bound, travels freely over the x-shell until 
it ‘holes out’ at an ortho- or para-position). 

Our case for the view that the rearrangement is, 
on the contrary, nucleophilic and intermolecular, is 
based on the study of its kinetics and products. The 
significant work on products is in the literature 
already, and is due chiefly to Bamberger*. When 
phenylhydroxylamine was rearranged by means of 
dilute aqueous sulphuric acid, p-aminophenol was the 
main product. However, when ethyl alcohol was 
used for diluting the acid, o- and p-phenetidines, and 
with methyl] alcohol, anisidines, were formed; and 
when the acid employed was hydrochloric acid, o- and 
p-chloroanilines were produced. If phenol was added, 
the product contained (p)OH.C,H,.C,H,.NH,(p) and 
some C,H,.NH.C,H,.OH(p), and if aniline was intro- 
duced, some C,H,.NH.C,H,.NH,(p). Formed p- 
aminophenol was in some cases accompanied by the 
ether, (p)NH,.C,H,.O.CgH,.NH.(p). The fact that so 
many fragments can appear in place of OH in the 
arylhydroxylamine—aminophenol conversion strongly 
suggests that the latter is not an intramolecular 
rearrangement. Further, since all the fragments 
come from nucleophiles : 


Y=H,0, EtOH, MeOH, Cl-, PhOH, PhNH,, 
NH,.C,H,.OH, 


one is led-to assume an active electrophilic inter- 
mediate. 

Bamberger found that the products obtained from 
an arylhydroxylamine were essentially identical with 
those produced by nitrogen loss from the correspond- 
ing aryl azide in similar conditions. He assumed 
a common univalent-nitrogen intermediate, ArN, 
which, when supplied with the extra proton shown 
by the kinetics to be involved (see below), becomes 
identical with the carbonium ionic intermediate 
written above. 

By rearranging p-tolyhydroxylamine in aqueous 
acid at low temperatures, Bamberger demonstrated 
the formation of the iminoquinol and quinol, 


rae eee 
is OR S=NH and hp UP 


along with products derived from them. ‘This is 
where the previously written sequence of reactions 
would stop, when the final prototropic change is 
blocked by methyl] substitution. 

Bamberger found aniline and azoxybenzene among 
the products obtained from phenylhydroxylamine. 
But these substances probably arose from the irrelev- 
ant oxidation-reduction of phenylhydroxylamine. 
Our experiments indicate this to be a chain-reaction, 
avoidable, but easily started by short exposures to 
atmospheric oxygen. However, we find that the 
acid-catalysed rearrangements of phenylhydroxyl- 
amine are quite separate from these reactions, and 
are not dependent on the presence of oxidants. 

Our kinetic study shows further that the rearrange- 
ments depend on the cation of phenylhydroxylamine, 
PhNH,OH*+ (to write it in its more stable, rather 
than its more reactive, form). One consequence of 
this is that, while at low acidities the rate is pro- 
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portional to the acidity, it ceases to increase pro- 
portionally to the acid when enough acid has been 
introduced to ionize nearly the whole of the base. 
No evidence has yet been found that chloride ion 
becomes involved in the rate-determining process, 
even when chlorine appears in the product. No sign 
has been discovered of quadratic dependence on acid, 
as in the benzidine change. 

We think it would be very difficult to accommodate 
all these facts on any other view of the reaction than 
that advanced. But the matter is still being tested. 
As to products, Dr. C. A. Bunton is checking oxygen 
identities among factor, product and solvent, by the 
use of heavy-oxygen water; and as to kinetics, 
evidence of an Sy2’ form of the reaction is being 
sought. 

H. E. HELLER 
E. D. HueHes 
C. K. INGOoLpD 
University College, 
London, W.C.1. 
Aug. 7. 
1 Dewar, “Electronic Theory of Organic Reactions’’, 225 (Oxford{Univ. 
Press, 1949). 
* Ingold, Smith and Vass, J. Chem. Soc., 1245 (1927). 


* Bamberger, many papers since 1894, including three summarizing 
papers: Annalen, 424, 233, 297 (1921); 441,4207 (1925). 


Identification of the Free Carboxyl 
Groups in Peptides 


TE Schlack and Kumpf procedure’ for identifying 
the amino-acids which provide terminal carboxyl 
groups in peptides has been made the basis of a 
micro method which works well with simple peptides 
and may be of use in studying the free «-carboxyl 
groups in proteins. In the case of glycylleucine and 
glycylvaline, the method has been used successfully, 
although preliminary experiments with insulin and 
wool keratin have indicated that some modification 
of the procedure may be necessary before it can be 
used with proteins. 

Dry ammonium thiocyanate (0-1 gm.) and acetic 
anhydride containing 10 per cent acetic acid (1-0 ml.) 
are heated with the benzoylated dipeptide (0-1 gm.) 
for 30 min. on a boiling water-bath. After cooling 
the orange solution, 50 ml. of water is added, the 
mixture left overnight, and the light brown precipitate 
filtered off. It is then washed well with water and 
dried ; yield 0-1 gm. 


—_N——CHR 
| 
sc Oo 


Neg 
NH 


—NH—CHR—COOH — 


The thiohydantoin derivative of the benzoylated 
dipeptide (20 mgm.) is refluxed with 20 per cent 
hydrochloric acid (10 ml.) for 8 hr. and the hydrolysate 
extracted twice with nitromethane. After washing 
with water, the extract is taken to dryness in vacuo 
and hydrolysed in a sealed tube with 10 ml. of 0-25 N 
barium hydroxide for 48 hr. at 140° C.*. The barium 
hydroxide is removed as carbonate and the hydroly- 
sate evaporated down and examined for amino-acids 
by paper chromatography. Ninhydrin development 
of the chromatogram shows a clear spot correspond- 
ing to the acid carrying the free carboxyl group. 
No other spot could be observed. 
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Thanks are due to the International Wool Secre- 
tariat for financial assistance. 
J. Trpss 
Textile Chemistry Laboratory, 
Department of Textile Industries, 
University, Leeds 2. 
June 28. 


1 Schlack, P., and Kumpf, W., Z. physiol. Chem., 154, 125 (1926). 
*? Edman, P. (private communication, 1949). 


Influence of Salt on the Size and Shape of a 
Protein - Detergent Complex 


StupiEs of the interactions between detergent and 
protein solutions by a wide variety of techniques 
have provided useful information on the types of 
binding involved in these systems! and on the de- 
naturation and re-orientation of protein molecules’. 
In particular, the system bovine serum albumin - 
sodium dodecyl sulphate has been extensively in- 
vestigated by electrophoresis, sedimentation and 
viscosity methods by Putnam and co-workers’, and 
the heats of interaction for this system have recently 
been measured in this Laboratory by a direct calori- 
metric method‘. The present communication deals 
with the effect of salt on the turbidity of bovine 
serum albumin — sodium dodecyl sulphate solutions. 

The light-scattering apparatus used was similar 
in principle to that already described®, with the 
improvement that variations in the intensity of the 
incident light were corrected by reflecting a con- 
stant fraction of the latter on to a second photo- 
multiplier tube. Moreover, since intensities of the 
scattered light were measured at 50° and 130° as 
well as at 90° to the incident beam, a large circular 
glass water-bath was placed around the optical cell 
containing the scattering solution in order to minimize 
reflexions and water-air refractive index corrections. 
The apparatus was calibrated by measurement of the 
turbidity of solutions of bovine serum albumin, a 
molecular weight of 70,000 being assumed for this 
protein. Since the protein solutions showed no 
dissymmetry of scattering, the turbidity (+) could be 
calculated from the equation’ : 


IS 


3 2 c)? 
32r3 no (dn/dc) + 2Be Feet Re:; 


3iN 9 Ao* is 3 3 





1/M = 


where M is the molecular weight of the protein, ¢ 
its concentration in gm./e.c., dn/de its refractive 
increment in solvent of refractive index no, No is 
Avogadro’s number, B and H are constants. 

The refractive index increments were determined 
with a MRayleigh-Haber interferometer (Hilger). 
Solutions were optically clarified by gravity filtration 
through sintered glass, Grade 4 (clarification was not 
complete if suction were used), or, in the case of 
solutions containing sodium hydroxide, by centrifuga- 
tion. 

Curve A in the accompanying graph shows the 
value He/+ as a function of the detergent/protein 
ratio for the system sodium dodecy] sulphate — bovine 
serum albumin in salt-free solutions. The concentra- 
tion of protein was maintained constant throughout 
at 1 per cent (w/v). Since the addition of detergent 
has little effect on the refractive increment, dn/dc, 
of the protein, the linear increase in He/r with 
detergent/protein ratio is due almost entirely to 4 
decrease in turbidity. Curve B shows that this 
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Curves A and B, detergent/protein ratio (moles) ; curve C, sodium 
hydroxide/protein ratio (moles) 


He/r as a function of detergent (or sodium hydroxide)’/protein 

ratio. (J, Sodium hydroxide - 1 per cent bovine serum albumen ; 

-:- and O, sodium dodecyl sulphate — bovine serum albumen (two 

samples), salt-free; x, um dodecyl sulphate — bovine serum 
albumen in 0-01 N sodium chloride 


diminution in turbidity is eliminated by the presence 
of sodium chloride at a concentration of 0-05 molar. 
Curve C shows that a diminution in turbidity com- 
parable with that in curve A may be produced by 
titrating the protein with sodium hydroxide. The 
protein concentration was maintained at 1 per cent 
(w/v) during this titration. 

The diminution in turbidity shown in curve A 
appears to be due to combination of the serum 
albumin with detergent anions, resulting in the pro- 
tein acquiring a net negative charge. On titration 
with alkali the protein will also acquire a net negative 
charge. Doty and Steiner’ have predicted on theoret- 
ical grounds that the turbidity of salt-free solutions of 
large molecules is reduced if the molecules are 
charged. As expected, the effect disappears in the 
presence of salt. 

In all the solutions for which results are shown in 
the graph, the dissymmetry ratio of scattering 
I5o/4430) Was approximately equal to unity. If, 
however, solutions were prepared in which the 
letergent/protein ratio was 140 moles, dissymmetry 
tatios of 1-5-1-6 were observed. This suggests an 
urolling of the protein molecule at high detergent/ 
protein ratios. The addition of solid sodium chloride 
lo these solutions resulted in an increased turbidity 
(cf. curve B) and in a fall in the dissymmetry ratio to 
less than 1-10, indicating that the protein-detergent 
complex takes on a more symmetrical configuration 
in the presence of salt. Because of this dissymmetry 
eflect at high detergent/protein ratios, it was found 
that the method of mixing detergent and protein 
solutions at lower ratios is important. If the protein 
solution is slowly added to the detergent solution so 
that initially there is a high detergent/protein ratio, 
dissymmetry ratios of approximately 1-5 are ob- 
served, whereas if the same solutions are mixed in 
the reverse order, dissymmetry ratios of approxim- 
ately unity are found. 

Neurath and Putnam® have measured the intrinsic 
viscosities of protein-detergent mixtures, and for 
this system have found evidence for denaturation of 
the protein, as a complex is formed at a detergent/ 
Wotein ratio of about 100 moles. However, these 
periments were carried out in buffered salt solu- 
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tions. In solutions containing salt, no dissymmetry of 
light scattering is found, suggesting that in salt-free 
solutions an even greater uncoiling of the protein 
molecules occurs than that found by Neurath and 
Putnam. It has been observed qualitatively,that. the 
viscosities of salt-free solutions containing a high 
detergent/protein ratio are greater than for those 
containing salt. Quantitative measurements of the 
viscosities of salt-free solutions are now in progress. 
One of us (B. 8S. H.) is indebted to the Consolidated 

Zine Corporation, Ltd., for the award of a research 
grant. 

J. A. FrrEND* 
* Present address : 
Wool Textile Research Laboratory, 

Commonwealth Scientific and 
Industrial Research Organization, 
Melbourne. 
B. 8S. Harrap 
J. H. ScouLMAn 


Department of Colloid Science, 
University of Cambridge. 


1 Luck, J. M., Disc. Farad. Soc., 6, 44 (1949). 
8 er 5 H. P., a d Ward, W. H., “Ann. Rev. Biochem.”’, 18, 115 
1949). 


*Putnam, F. W., “Adv. Protein Chemistry”’, 4, 79 (1948). 
“Goddard, E. D., and Pethica, B. A., J. Chem. Soc., 2659 (1951). 
* Schulman, J. H., and Friend, J. A., J. Colloid Sci., 4, 497 (1949). 
* Debye, P., J. Phys. Colloid Chem., 51, 18 (1947). 

7 Doty, P. M., and Steiner, R. F., J. Chem. Phys., 17, 743 (1949). 
* Neurath, H., and Putnam, F. W., J. Biol. Chem., 160, 397 (1945). 
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Prediction of Internuclear Distances 
of Di-atoms 


SEVENTEEN years ago’, on the basis of my proposed 
modification of the Morse rule connecting funda- 
mental vibration frequency and internuclear distance 
of di-atoms, I ventured to predict internuclear 
distances for certain cases which had not then been 
determined experimentally. The accompanying table 
compares the values predicted for di-atoms of the 
KK pp sub-period with experimental results given in 
a new table due to Herzberg’. In some cases, the 
fundamental frequencies on which the calculations 
depend have been shifted by a few wave-numbers. 
In spite of these small corrections, it is judged 
sufficient to make direct comparison between the twa 
sets of numbers without further calculation. 





























! 
Electronic Te (A.), re (A.), 
Di-atom state predicted exp. Error 

co a *Il, 1-202 1-209 — 0:007 
oe °s Tt 1 +367 1°359 + 0:008 

X'MF+ 1117 1°128 — 0-011 

NN a ‘Ilg 1-213 1-213 0-000 
C "il, 1-139 1-148 — 0-009 

NO D *=+ 1-070 (1-065) + 0-005 
09 b *Xyt+ 1-238 1-227 + 0-011 
@'4Ag 1-218 1-216 + 0-002 

| | Mean error 0-007 














Results predicted in 1939* for singlet and triplet 
states of HH, HD and DD appear to have about 
the same errors, and many other cases may be 
cited. Improved methods have been more recently 
devised‘ interrelating bond constant and internuclear 
distance. 
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My classification® of di-atoms into groups, sub- 
groups, periods and sub-periods, and the introduction 
of period constants and group numbers into the 
Morse rule, upon which the above results depend, 
appears to be vindicated as a working basis. Careful 
comparison with the errors in calculated numbers 
derived by formule due to other authors seems to 
weigh in favour of my system. It may be claimed 
that the original method employed by Mendeljéeff 
in his atomic periodic table, and successful prediction 
of physical constants, may be satisfactorily carried 
over to the spectroscopic data for di-atoms. 

A fuller account of this work will appear elsewhere. 


C. H. Douetas CLARK 


Department of Inorganic and 
Physical Chemistry, 
University of Leeds, 2. 
June 25. 


* Clark, c. H. Douglas, Phil. Mag., 18, 459 (1934); Nature, 188, 873 
(1934). 


2 Herzberg, G., ‘‘Molecular Spectra and Molecular Structure. I. Spectra 
of Diatomic Molecules” (D. van Nostrand Co., Inc., New York; 
second edit., 1950). 

*,Clark, C. H. Douglas, and Stoves, J. L., Phil. Mag., 27, 389 (1939). 

. warty be Hi. Douglas, and Webb, K. R., Trans. Farad. Soc., 37, 293 

*Clark, C. H.{Douglas, Trans.” Farad. Soc., 31, 1017 (1935). 


Effect of Phosphates and the pH on 
Sugar Absorption 


THERE has been litcle discussion on the work of 
Magee and Reid! showing that the addition of 
phosphates at pH 7 to the liquid to be absorbed 
activates intestinal absorption of glucose but not 
that of xylose*-*. Laszt* attributes such an effect 
to the buffer action of the phosphates, as with other 
buffers at pH 7 he obtained analogous increases ; 
between pH 4 and 8 he found an optimum of absorp- 
tion at pH 7. Gellhorn and Moldavsky*, however, 
arrived at opposite conclusions; in their opinion 
absorption would be much greater if instead of main- 
taining the pH at 7, it is somewhat displaced towards 
the acid or alkaline side. Difficulties in the inter- 
pretation of other results have induced us to return 
to these problems. 

Absorption was studied in rats of 100-200 gm. by 
Sols and Ponz’s method’*. Three or four successive 
absorptions were carried out in the same intestinal 
loop of each animal. The hexoses remained at 5-4 per 
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tion of 5-4 per cent D-glucose 
Time of 
absorption, 30 min. for D-glucose and 45 min, for D-xylose. 
Average values in 41 animals 


Fig. 1. Influence of pH on the abso 
) and 4°5 per cent D-xylose (------ ). 
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Time (minutes) 
Fig. 2. Neutralization of buffer solutions of different pH intro- 


duced into the jejunum of rats, as a function of time. Each curve 
represents the average value obtained in three animals 


cent and the pentoses at 4-5 per cent dissolved in 
water or in phosphate solutions or other buffers. The 
time for absorption was 15, 20, 30, 45 or 60 min. 
The pH was tested by electrometric and colorimetric 
methods. 

Experiments on 46 rats showed clearly that the 
intestinal absorption of glucose was not increased, 
either by the presence of sodium glycerophosphate 
(at 2 per cent, neutralized with A/10 hydrochloric 
acid) or by inorganic phosphates (mixtures of pH 7, 
at 0-2 or 0-02 per cent). 

The pH (between 2-2 and 10-0) nevertheless 
influences intestinal absorption. Citric acid—phosphate 
(Mclivaine, pH 2-2-8-0), phosphates (Sérensen, pH 
5-5-8-0), borax-—boric acid (Palitzsch, pH 7-0-9-0), 
and carbonate—bicarbonate (pH 10-0) were used. The 
results were obtained from experiments in thirty 
rats with D-glucose, eleven with D-xylose, ten with 
D-arabinose and another ten with L-sorbose. The 
optimum absorption of D-glucose (selective sugar) 
and of p-xylose (relatively selective sugar) is found 
in the interval 6-5-7-5, and it falls remarkably at 
lower or higher pH. Between 6-5 and 7:-5, the differ- 
ences are not statistically significant. At pH 3:5 
and 9-0, absorption of D-glucose was only 50 per cent. 
D-Xylose exerts a minor influence (Fig. 1). pb-Arab- 
inose and L-sorbose do not seem to be affected by 
the pH. With a strongly acid pH, decrease of absorp: 
tion occurred, and also in a control experiment per: 
formed immediately afterwards at pH 7; but in all 
these cases considerable epithelial desquamation 
presented itself, to which we attributed this effect. 

The fact that glucose absorption is not accelerated 
by the phosphates may be due te the unbuffered 
D-glucose solutions being conserved in the intestine 
at pH between 6-5 and 7:5 and, terefore, within the 
optimum zone. The mucosa is, in 2ffcct, capable of 
producing a notable buffer aciien, “> have followed 
up the pH of the intestina: «*mtonts during the 
absorption of D-glucose, starting fro » buffer solutions 
at different pH. Fig. 2 shows ome examples of this 
buffer action of the jejunum. Ths more acid 
alkaline the solution put into the !oop, the greater is 
the quantity of mucine se; tei and found in the 
intestinal contents. The intestine thus tends to main- 
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absorption of sugars is greatest. 


F. Ponz 
J. LARRALDE 
Laboratory of Animal Physiology, 
University of Barcelona. 
June 21. 


1 Magee, H. E., and Reid, E., J. Physiol., 78, 181 (1931). 

* Wilbrandt, W., and Laszt, L., Biochem. Z., 259, 398 (1933). 
‘Laszt, L., Biochem. Z., 276, 40 (1935). 

‘Cajori, F. A., and Karr, W. G., J. Biol. Chem., 109, xiv (1935). 

’ Westenbrink, W., Acta brev. Néerl. Physiol., 6, 36 (1936). 
a E., and Moldavsky, L. E., Amer. J. Physiol., 109, 638 
"Sols, A., and Ponz, F., R. Esp. Fisiol., 3, 207 (1947). 

§ Vidal-Sivilla, S., Sols, A., and Ponz, F., R. Esp. Fisiol., 6, 195 (1950). 
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Gene Function in the Homologous and 
Heterologous Induction of «-Glucosidases 
in Yeast by «-Glucosides 


A variety of freely segregating genes which 
specifically control the abilities of yeast to ferment 
«-glucosides has been discovered’**. The three non- 
allelic genes determining the abilities of the haploid 
yeasts of the Carbondale breeding stock to grow 
with attendant visible gas evolution on maltose, 
a-methyl glucoside and sucrose, respectively, have 
been designated MA/ma, MG/mg and SU/su. It has 
been shown that these genes are concerned in the 
synthesis by the cell of maltase, an «-heteroglucosid- 
ase’ and §-fructofuranosidase, respectively. 

Experiments in which the variation of the fer- 
mentative scope of cells of genotype MG MA su, 
ng MA su, and MA mg su was determined in rela- 
tion to the carbohydrate component of the growth 
medium of these cells have now permitted a fuller 
definition of the functions of MA and MG. Although 
the strains of these genotypes lack the gene SU, that 
is, they are incapable of growing with attendant 
visible gas evolution on medium containing sucrose 
as the sole carbohydrate nutrient, they all proved 
capable of sucrase synthesis when grown on a suit- 
able carbohydrate. The sucrase activity which could 
be induced in these strains was frequently held largely 
in a covert condition by the freshly harvested cells, 
at out was manifested by the same cells after drying. 
The strains realized only a small or negligible fraction 
of their glucosidase synthesizing potential when they 
vere grown on glucose. In the strains containing 
the gene MA without MG, growth on maltose elicited 
a homologous response (maltase synthesis) and a 
heterologous response (synthesis of a sucrase). The 
growth of these strains on maltose failed to endow 
them with ability to ferment methyl glucoside at a 
significant rate. The strains of this genotype were 
incapable of responding to «-methyl glucoside with 
production of either maltase, «-methyl glucosidase 
or sucrase. In the strains containing the gene MG 
without MA, growth on a-methyl glucoside elicited 
& homologous response (production of a-methyl 
glucosidase), and a hetero-response (production of a 
sucrase). The growth on a-methyl glucoside failed 
to endow these strains with ability to ferment maltose. 
The strains of this genotype were incapable of 
responding to maltose with production of maltase, 
«methyl glucosidase, or sucrase. Strains containing 
doth MA and M@ responded to both maltose and 
tmethyl glucoside with sucrase synthesis. In these 
itrains maltose also elicited «-methyl glucosidase as 
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well as maltase activity. When the cells of these 
strains were grown on «-methyl glucoside, they fer- 
mented the latter but not maltose on contact. They 
proved able, however, to adapt themselves to 
maltose more rapidly after growth on .«-methyl 
glucoside than after growth on glucose. 

The observed effects of the single gene changes in 
genotype MG MA su on the response pattern of the 
strains to a-glucosides are summarized in the accom- 
panying table. 


Influence of Single Substitutions of 1G and MA in the Genotype 
MG MA su by the Recessive Alleles mg and ma 





Responses elicited by a-glucosides : 
Maltose a-Methyl glucoside 





Gene altera- - 
tion Maltase Sucrase a-Methyl | Sucrase a-Methyl 
glucosidase 





| 
| MG replaced 
H by mg + : - 
MA replaced | 
by ma 











+, signifies that the production of the enzyme in response to the 
inducer was not markedly altered by the noted genic change. 

—, signifies that the genic change noted was associated with a large 
or complete loss of the ability to produce enzyme in response to the 
inducer. 

Thus it may be inferred that MA controls the ability 
of the cells to respond heterologously as well as 
homologously to maltose, while MG controls their 
ability to respond heterologously as well as homo- 
logously to «-methy] glucoside. It has been attractive to 
consider that yeast «-glucosido-hydrolases (maltase, 
a«-methyl glucosidase, and gluco-sucrase) derive from 
@ common precursor’. On the view that therevexists 
a one-to-one relation’ between a gene and an enzyme, 
we might assume that gene MA with maltose directs 
the conversion of the precursor into maltase, and 
that gene MG with «-methyl glucoside directs the 
conversion of the precursor into a-methyl glucosidase. 
An economical account of the control of heterologous 
inductions by genes MA and MG would be afforded 
by the assumption that primary enzyme products 
of these genes (maltase and «-methyl glucosidase 
respectively) may be further converted by the cell 
into other glucosidases. 

SHitomo HESTRIN 
Department of Microbiological Chemistry, 
Hebrew University-Hadassah Medical School, 
Jerusalem. 
Cart C. LINDEGREN 
Biological Research Laboratory, 
Southern Illinois University, 
Carbondale, Illinois. 
July 20. 
1 Lindegren, C. C., “The Yeast Cell’ (Educational Publishers, Saint 
Louis, 1949). 
2 Wings, 8. and Roberts, C., C.R. Lab. Carlsberg, Sér. Physiol., 25, 35 
DU). 


* Hestrin, S., and Lindegren, C. C., Arch. Biochem., 29, 315 (1950). 
‘ Beadle, G. W., Chem. Rev., 87, 15 (1945). 


Reversible Oxidation of Glucose by 
Glucose Dehydrogenase 


Ox liver has been shown to contain an enzyme, 
glucose dehydrogenase, which catalyses the reaction!?: 


Glucose + diphosphopyridine nucleotide = 
gluconate + reduced diphosphopyridine 
nucleotide. (1) 
This enzyme has now been purified approximately 
125-fold, starting from an aqueous extract of ox-liver 
acetone powder. The purification procedure consists 
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of ammonium sulphate fractionation, precipitation 
of inactive protein by lead acetate and acidification, 
and adsorption on and elution from calcium phos- 
phate gel. The purified enzyme has been found to 
be active with both diphosphopyridine nucleotide 
and triphosphopyridine nucleotide; but the reaction- 
rate with the latter is approximately one-half of that 
obtained with the former. 

The enzyme has been used for studying the mechan- 
ism of oxidation of glucose to gluconate. This oxida- 
tion has been shown in other systems to proceed via 
the gluconolactone both chemically* and biologically‘. 
Assuming that at pH 7-0 £,? is — 0-43 V.**, reaction 
(1) can be calculated to have an _ equilibrium 
constant of approximately 105. Thus, starting with 
unit concentrations of gluconate and reduced pyridine 
nucleotide, the reaction could proceed only to the 
extent of converting 0-3 per cent of the gluconate 
to glucose. However, if gluconolactone is an inter- 
mediate in the oxidation, then reaction (1) may 
represent the sum of the following reactions : 


Glucose + diphosphopyridine nucleotide = 
gluconolactone + reduced diphosphopyrid- 
ine nucleotide. 2 


Gluconolactone + H,O = gluconic acid. (3) 
Gluconie acid = gluconate + H+. (4) 


Since at neutral pH the major free-energy change 
in the above series of reactions occurs in reaction (4), 
it is probable that reaction (2) results in a compara- 
tively small free-energy change and may therefore be 
reversible. A similar suggestion for the oxidation 
of glucose phosphate to phosphogluconie acid has 
been made by Lipmann’. The validity of this hypo- 
thesis was shown by the oxidation of reduced di- 
phosphopyridine nucleotide and the formation of an 
equivalent amount of reducing sugar on incubation 
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Reversibility of the reaction catalysed by glucose dehydrogenase 
(reaction 2). Reduction of diphosphopyridine nucleotide and 
oxidation of reduced diphosphopyridine nucleotide determined 
+ gag mtg: mee ag! at wave-length 340myz. Quartz cells, 

= lcm. Reaction mixture contained 2-2 millimoles of phos- 
phate buffer, 0-965 micromoles of diphosphopyridine nucleotide, 
0-1 c.c. of glucose dehy enase (10 mgm. protein per c.c.), 
and 20 micromoles of glucose in a total volume of 2-9 c.c. t 
arrow 1, 315 micromoles of 6-gluconolactone added. At arrow 2, 
20 micromoles of glucose ——-. "as prior to the addition 

at arrow 2, 6- 
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of glucose dehydrogenase, 8-gluconolactone, and re. 
duced diphosphopyridine nucleotide. Reaction (2) has 
been followed in both directions by determination 
of the change in absorption at 340 my, as is shown 
in the accompanying graph. From a series of such 
experiments, the equilibrium constant for reaction (2) 
has been calculated to be approximately 15 at 
pH 6-7. 

It should be noted that, since reaction (3) has also 
been shown to be reversible**, reduction of gluconate 
to glucose at high hydrogen ion concentrations is 
also theoretically possible. In this connexion it has 
been observed that incubation of gluconic acid with 
the enzyme and reduced diphosphopyridine nucleo. 
tide at pH 3-5 results in a slow but significant 
oxidation of reduced diphosphopyridine nucleotide, 
this oxidation being reversed by the addition of 
glucose. 

From the equilibrium constant determined for 
reaction (2), from the equilibrium constant calculated 
from the data of Levene and Simms? for hexonic 
acids and their corresponding lactones for reaction (3), 
and from the dissociation constant of gluconic acid 
(pK, 3-787), the potential (/,1) at pH 7-0 for the 
system glucose = gluconate can be estimated to be 
about — 0-43 V. This is in agreement with the value 
cited in the literature®*. Further details of the puri- 
fication and properties of ox liver glucose dehydro- 
genase will be published at a later date. 

We wish to thank Dr. Severo Ochoa for his interest 
in and encouragement of this work. 


Harowup J. STRECKER* 
SEyMouR KorRKES 


Department of Pharmacology, 
New York University College of Medicine, 
New York. 
July 30. 


* Fellow of the American Cancer Society on the recommendation 


the National Research Council Committee on Growth. 
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Glucose, Glutamate and Succinate 
Oxidation in Brain 


THERE have, for some time, been difficulties in 
interpreting the role of glutamate in brain metabolism 
and its relation to glucose. oxidation'-*. Weil- 
Malherbe? has adduced evidence to show that, in 
brain, summation of oxidations occurs if glucose and 
glutamate are used together as substrate. Krebs an 
Eggleston’ have shown that the diffusion of potassiun 
from brain cells in vitro is only fully prevented i 
both glucose and glutamate are present in the medium. 
On the other hand, Furchgott and Shorr* have found 
that at low oxygen tensions the addition of succinat 
to brain depresses the normal metabolic activities of 
the tissue, despite the fact that an increase in oxyge! 
uptake occurs. Our investigations have given ris4 
to certain considerations which seem relevant to thi 
problem. 
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The early addition of glucose to a preparation of 
minced guinea pig brain in Krebs—phosphate—Ringer 
solution produced a substantial increase in oxygen 
uptake. Later addition, however, produced a very 
much smaller increase, and addition after three hours 
none whatever. The addition in the same way of 
glutamate or succinate produced a much greater 
increase in oxygen uptake than did glucose, and an 
almost constant rate of oxidation was maintained 
for several hours. This effect was obtained even if 
the glutamate was added after five hours. If glucose 
was added at any time to a preparation already 
respiring in succinate or glutamate, no increase in 
the oxygen uptake of the system was produced. This 
finding is incompatible with the observations of Weil- 
Malherbe?, which show summation of oxidations 
under these conditions. On the other hand, the 
addition of glutamate to a preparation already 
respiring in glucose did produce an increase, but the 
new rate of oxidation was only equal to that occurring 
in glutamate alone. The same results were obtained 
with succinate. The addition of glutamate to a 
preparation already respiring in succinate produced 
an increase in oxygen uptake, even though previous 
addition of glucose to this preparation produced no 
increase. If succinate was added in the same way 
to a preparation respiring in glutamate, an increase 
in the oxygen uptake was also produced. These 
results are summarized in the accompanying graph. 

Those observations suggest that the mechanisms 
nvolved in the oxidation of glutamate or succinate 
are considerably more stable than those involved 
in the oxidation of glucose. The stability of the latter 
mechanisms appears to be directly dependent upon 
the availability of substrate, for if the tissue is per- 
nitted to respire in Krebs—phosphate—Ringer solution 
alone, it rapidly loses its capacity to oxidize added 
glucose. However, even after several hours respiration 
in Krebs-phosphate—Hinger solution alone, the capa- 
city of the tissue to oxidize succinate or glutamate 
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Time (hours) 
(1) Guinea pi brain respiring in Krebs—phosphate—Ringer 
solution containing glucose. (2) Effect of adding glutamate to 
brain respiring in glucose. (3) Brain respiring in Krébs- 
phosphate-Ringer solution containing glutamate, but no glucose. 
(4) Fiffect of adding glucose (marked by arrow) to brain respiring 
in glutamate. (5) Effect of adding succinate to brain respiring in 
glutamate. 

All experiments were carried out in Warburg flasks, at 37-5° C., 
in air, at 100 shakings per minute. The brain mince was produced 
by pressing the brain once through a 60-mesh sieve. 50-150 mgm. 
of tissue in Krebs—phosphate—Ringer solution was used in each 
flask, the final fluid volume being 5 ml., and the gas volume about 
25 ml. The carbon dioxide was absorbed with potassium hydroxide 
paper. The final concentration of added glucose in each case was 
0-2 per cent, that of glutamate or succinate 0:02 molar. The 
time between the death of the animal and the first reading was 
20-30 min. Oxygen uptakes are uniformly calculated for 

100 mgm. of tissue 
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is only slightly impaired. The increase in oxygen 
uptake following the addition of glucose appears, 
moreover, to bear some relationship to the rate of 
respiration prevailing at the time of addition, while 
the increase following the addition of glutamate or 
succinate seems to be independent of the prevailing 
rate of respiration. 

The fact that the addition of glutamate to a 
preparation already respiring in succinate produces 
a further increase in oxygen uptake indicates that 
the mechanisms involved in the oxidation of 
glutamate to «-keto-glutarate and succinate are 
not inhibited by the concentration of succinate 
used. 

The addition of glucose to a preparation containing 
the same concentration of succinate might similarly 
be expected to produce an increase in oxygen uptake. 
That no such increase occurred, no matter when the 
glucose was added, suggests that, under these con- 
ditions, glucose oxidation does not take place. Direct 
estimations of the amount of glucose consumed in 
the course of each experiment confirm this view. 
Further corroborative evidence is seen in an observa- 
tion reported by Lipsett and Crescitelli7. These 
workers found that the addition of potassium chloride 
increased the oxygen uptake of rat brain slices 
respiring in glucose, but that this potassium effect 
was abolished in the presence of glutamate, succinate 
and certain other members of the tricarboxylic acid 
cycle. If, as our findings suggest, glucose is not 
oxidized in the presence of glutamate or succinate, 
then a potassium effect can scarcely be expected. 
It is difficult to see in what way an increase in the 
concentration of members of the tricarboxylic acid 
cycle can inhibit glucose oxidation ; but it is possible 
that this phenomenon represents a mechanism by 
which the rate of glucose oxidation in brain is 
regulated. 

H. Harris 
E. M. TRAUTNER 
M. MESSER 
Department of Physiology, 
University of Melbourne. 
July 6. 
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* Weil-Malherbe, H., Physiol. Rev., 30, 549 (1950). 

5’ Krebs, H. A., and Eggleston, L. V., Biochem. J., 44, vii (1949). 

* Furchgott, R. F., and Shorr, E., J. Biol. Chem., 175, 201 (1948). 

7 Lipsett, M. N., and Crescitelli, F., Arch. Biochem., 28, 329 (1950). 


Spectrophotometric Determination of 
Hemoglobin in Blood 


A vARIETY of methods has been used for the 
determination of hemoglobin in blood. They are 
based on (i) oxygen absorption’, (ii) the iron content?, 
or (iii) the transformation of the hemoglobin to 
carboxyhemoglobin*, cyanhzematin or acid hematin, 
which are then estimated colorimetrically‘ or spectro- 
scopically®*. 

The method described here is a development of the 
acid hematin procedure and involves the determina- 
tion of the intensity of light absorption by the pig- 
ment using a Unicam spectrophotometer. The full 
absorption spectrum of the acid hematin (0-02 ml. 
blood in 0-1 4 hydrochloric acid) has been determined 
in the ultra-violet and visible regions. 
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after 
f Specific Requirements for the Action of ti) «x 
ii 8 Deoxyribonuclease change 
kept it 
+ F THE mechanism of action of pancreatic deoxy. § lialyse 
04 ribonuclease, now available in the crystalline state", B.tance 
on highly polymerized deoxypentose nucleic acids [present 
sf i, is still obscure. The enzymatic attack is known to § change 
0 st Ly result in the formation of dialysable oligonucleotides §hydroc 
; VY and of a non-dialysable ‘core’ which, in the casefland re 
ma of the nucleic acids from calf thymus** and wheat §contain 
ot germ’, is characterized by proportions of adenine, fpresent 
and to a lesser degree of thymine, greatly in excess fithe gu 
oa of those encountered in the original substrate. Mono- [change 
ait nucleotides and inorganic phosphate ee pe found produce’ 
ae amo: the degradation products**, and this pre- which | 
aa 11155 , sae 1 adden the iiiation to deoxyribonuclease of >letely 
0-02 ml. blood in 10 ml. N/10 hydrochloric acid : , blood ; functions similar to those of phosphomonoesterases. mpairr 
ee It could be regarded as a phosphodiesterase of affit will | 
The absorption curve (see graph) shows maxima closely circumscribed, as yet undefinable, specificity, the pos 
at 280 my, 372-5 mp, 510 my and 660 my, and minima A small number of acidic groups is, in 1. +t, liberated purine 
at 310 my, 500 my and 630 my. (Other characteristics of during the digestion*’. That the attack ot an enzyme froups. 
this spectrum are that E(372-5)/E(310)=2-50 and that the action of which consists in the depolymerization 
the intensities of absorption at 350 my and 408 mp of a substance of high molecular weight, exhibiting 
are the same.) The maximum at 372-5 my is used 0 easily recognizable periodicity of constituent 
for the assay ; and by calculation based on the iron sequence, must follow an intricate pattern is clear : 
content of the pigment, the EQ. %,1 cm.) value was every break of the original molecule produces sub- 
found to be 32-3. The conversion factor 15:5 was strates that are new and different ; the enzyme must 
then derived to give the percentage of hemoglobin deal with kaleidoscopic substrate changes. i 
in blood. It appeared of interest to correlate substrate struc- é 
The plasma proteins and other blood constituents ture and susceptibility to enzymatic attack by study- ; 
do not absorb in this region. Again, oxalate does ing the rate of disintegration to dialysable fragments, ; 
not interfere, though citrated blood gives a slightly under the influence of crystalline pancreatic deoxy- : 
higher result. The acid hematin appears to be stable Tibonuclease, of deoxypentose nucleic acid prepara- ‘ 
for at least six days, thus permitting the collection tions of different states of integrity. All preparations 
were derived from the highly polymerized deoxy- 


of a large number of samples prior to assay. 

The procedure is as follows. 0-02 ml. of blood 
collected in a micro-pipette from a finger prick is 
added to 10 ml. of 0-1 N hydrochloric acid in a test- 
tube and shaken. After at least 10 min., the intensity 
of absorption of the acid hematin solution is measured 
in the spectrophotometer at 372-5 my, using a 1l-cm. 
cell and decinormal hydrochloric acid as compensator. 
The percentage hemoglobin in the blood is given by 
E(372°5) x 15-5. 


COMPARISON BETWEEN THE SPECTROPHOTOMETRIC AND WONG’S IRON 











METHODS 
No. E(372°5) E(372-5) x 15-5 | Wong’s method 
] 0-990 15°38 15-40 
2 0-955 14-80 14-80 
3 0-885 13-70 13-90 
4 1-025 15-90 15-95 
5 0-925 14-38 14-40 
6 0-980 15-20 15°10 
7 0-900 13-95 14-00 




















The results obtained by this procedure are reliable 
and in close agreement with values from the iron 
determinations ; further, the assay requires much 
less time and manipulation. 
A. A. KHALIFA 
M. K. Satan 
Faculty of Medicine, 
Farouk I University, 
Alexandria. 
July 17. . 
* Van Slyke, O. D., and Neill, J. M., J. Biol. Chem., 
* Wong, J. Biol. Chem., 77, 409 (1928). 
* King, E. J., and Geiser, M., Biochem. J., 46, Proc. xxv (1950). 
6 oon, 4 “Diagnostic Methods’’, Translation of edit. 4 (Philadelphia, 


61, 523 (1924). 


5 Newcomer, H. S., J. Biol. Chem., 87, 465 (1919). 
bd en L., 


. S.. “Spectrophotometry in Medicine’ (Adam Hilger, 
). 





Dar nant 


ribonucleic acid of calf thymus. Approximately 
0-2 per cent solutions of the substrates in distilled 
sree were, in some cases after the addition of 

0-01 per cent of crystalline deoxyribonuclease, placed 
in small ‘Cellophane’ bags and incubated at 37°, 
with simultaneous dialysis against the ten- to twenty- 
fold volume of 0-02 M borate buffer of pH. 7-3, which 
was 0-02 M with respect to magnesium sulphate and 
contained 0-001 per cent of ethylmercurithiosalicylate. 
Control experiments, in which both enzyme and 




























Action ¢ 
ions (cu 
(curves 


magnesium were omitted, also were carried out ; they a 
are not included here, since no dialysable fragments§ pp ‘G; 


occurred under these conditions. The rate of appear- 
ance of dialysis products was followed spectroscopic- 
ally and, more conveniently, by determination of the 
total phosphorus i in the dialysates. 

For the presentation of the results in the accom- 
panying diagram, the amounts of dialysable nucleo- 
tide phosphorus (as percentage of total substrate 
phosphorus) are plotted against time. The curves 
marked with capital letters indicate experiments 
carried out in the presence of both deoxyribonuclease 
and magnesium ions; small letters refer to the 
corresponding experiments performed without 
enzyme, but with magnesium ions present. ‘The 
following substrates were employed: A, intact’ 
deoxyribonucleic acid; B, preparation A kept at 
pH 11-8 (1 hr., 25°) and readjusted to pH 7:5; 
C, preparation A kept at pH 2-95 (1 hr., 25°) and 
readjusted to pH 7-5 (it should be noted that pre- 
parations B and C are capable of re-polymerization, 
regaining considerable, though highly thixotropic, 
viscosity’) ; D, preparation A kept in glycine buffer 
of pH 2-86 (24 hr., 37°), neutralized by dialysis 
against borate buffer of pH 7-3 and recovered by 
the evaporation in a vacuum of its frozen solution, 
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after thorough dialysis against water (this substance 
f till contained all nitrogenous constituents in un- 
shanged proporfions and ratios*); EH, preparation A 
kept in glycine buffer of pH 2-3 (24 hr., 37°) and 
xy- §lialysed and recovered as described for D (this sub- 
stance retained 48 per cent of the purines originally 
present; the pyrimidine composition was un- 
changed); F', preparation A suspended in dilute 
hydrochloric acid of pH 1-7 (26 hr., 36°) and dialysed 
and recovered as described for J (this substance 
contained about 13 per cent of the purines originally 
present—8 per cent of the adenine, 24 per cent of 
the guanine; the pyrimidine composition was un- 
changed) ; G, this is the non-dialysable degradation 
product described recently as “‘apurinic acid’’*, in 
which a deoxypentose nucleic acid has been com- 
of f>letely deprived of its purine constituents without 
mpairment of its original inter-pyrimidine ratios. 
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Action of crystalline pancreatic deoxyribonuclease + magnesium 

ions (curves marked with capitals) and of magnesium ions alone 

(curves marked with small letters) on intact calf thymus deoxy- 

ribonucleic acid (curves A and a) and on products of its denatura- 

tion (curves B, C, D and 6, ¢, d), or partial degradation (curves 

E, F, Gand e, f,g). See the text for the experimental arrangement 
and the composition of the substrates 










The denaturation of the nucleic acid, that is, the 
interference with its physical qualities, as must have 
xcurred in preparations B, CU and particularly D, 
loes not, by itself, materially impede the enzymatic 
breakdown. (Compare curves A, B, CU, D.) The 
detachment of even a portion of the purines (curves 
f and F) or their complete removal (curve G) acts, 
however, as a block. It is apparent that the enzyme 
equires the full complement of purines to be present, 
though it cannot yet be decided whether the latter 
I'he fire necessary as the points of attachment or because 
actBf specificity characteristics of deoxyribonuclease 
 atiRimilar to those discussed recantly with respect to 
‘53 iibonuclease®. In addition, the interference with the 
and famphoteric properties of the nucleic acid and the 
pre-@rreation of aldehydo groups, both consequences 
0D, Mf the removal of purines, may also be held 
P!¢; @tesponsible. 
fier] The peculiar effects of magnesium ions in the 
y5'ibsence of enzyme (curves marked with small letters) 


byf@re not without interest. The ability of this divalent 
jon, 
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cation to bring about a non-enzymatic disintegration 
appears to be in an inverse relationship to the sus- 
ceptibility of the particular substrate to enzymatic 
attack. The intact nucleic acid is broken rapidly by 
the enzyme in the presence of magnesium (curve <A) ; 
the cation alone has no effect (curve a). ‘On the 
other hand, in apurinic acid, practically all the work 
seems to be done by magnesium ions alone (compare 
curves G and g). It is not possible to offer an adequate 
explanation of these findings. The role of magnesium 
ions in the activation of deoxyribonuclease has 
been considered repeatedly**!°-13, The experiments 
presented here could lead to the surmise that two 
different types of mutually supporting bonds are 
opened in the nucleic acid by the complete enzyme 
system: one broken by the deoxyribonuclease, the 
other affected by magnesium ions. However, attempts 
to demonstrate two phases of degradation by sep- 
arating them in time were not successful. When a 
solution of intact deoxypentose nucleic acid in 
physiological saline (0-05 M with respect to sodium 
citrate) was treated with deoxyribonuclease at 37° 
for 18 hr., a considerable drop in viscosity was 
observed ; but the addition of magnesium ions to the 
solution, after it had been freed of enzyme and citrate, 
failed to produce dialysable fragments. 

These experiments and related studies will later 
be presented in detail. This work has been supported 
by research grants from the National Institutes of 
Health, United States Public Health Service, and 
from the Rockefeller Foundation. 

CxristopH TAMM 
ERWIN CHARGAFF 
Department of Biochemistry, 
College of Physicians and Surgeons, 
Columbia University, 
New York 32, N.Y. 
July 16. 
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Mould Lipase: Effect of Addition of 
Vitamins and Sterol to the Cake Medium 
on the Growth and the Activity of the 
Lipolytic Mould 


WE have isolated a strain of Aspergillus niger from 
the castor bean which shows high lipolytic activity. 
We have found that this lipolytic strain grows well in 
a cake medium containing 15 per cent oil-free ground- 
nut cake, 10 per cent fresh groundnut oil and 200 c.c. 
water, adjusted to pH 4-2 and incubated at 35° C. for 
four days. The effect of addition of substances like 
vitamin B,, vitamin B,, ascorbic acid, «-tocopherol, 
digitonin and cholesterol to the cake medium 
on the activity of the lipolytic mould has been 
studied. 
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The strain of A. niger was inoculated on the cake 
medium in different conical flasks; the medium 
was autoclaved for 15 min. under 10-lb. pressure. 
The mats were removed after four days incubation 
and the lipase prepared according to Ramakrishnan 
and Nevgi’s method!. The hydrolysis of fresh ground- 
nut oil was carried out using the lipase and disodium 
hydrogen phosphate — citric acid buffer of pH 6-2. 
Each set of the experiments consisted of 1 c.c. ground- 
nut oil, 5 c.c. water, 2 c.c. phosphate buffer, 0-1 gm. 
mould lipase and a few drops of toluene in a conical 
flask incubated for 24 hr. at 37° C. Blanks always 
accompanied the samples. After the period of incuba- 
tion, the contents were taken out and titrated against 
N/10 sodium hydroxide after the addition of 25 c.c. 
of neutral aleohol and warming for some time. All 
readings were taken under sterile conditions. The 
difference between the sample and the blank will give 
the activity of lipase in terms of c.c. of N/10 sodium 
hydroxide. The results are given in Table 1. 


Table 1 














| 
Difference in c.c. of N/10 sodium hydroxide between 
Amount | the sample and blank in case of lipase obtained from 
of the the mould grown in the medium containing : 
substance | Cake Cake+ Cake+ Cake+ Cake+ Cake+ Cake+ 
adde only vit. C. vit. B, vit. B, a-toco- digito- choles- 
(mgm.) pherol nin terol | 
| oo |226 — -- -- os — | 
| 1-0 _ 22°8 22-9 24°3 23-6 No 27°38 
| growth 
5-0 _ 25-7 25°8 28-8 27:9 a 35-3 
| 10-0 — 34 23:5 25-1 242 % 2261 | 
} 20-0 — 18°5 19-2 21-9 22-1 24-2 
| 








From Table 1, it can be seen that the lipolytic 
mould does not grow in the medium containing 
digitonin. It grows very well in the medium con- 
taining cholesterol, vitamin B, or «a-tocopherol. 
The lipolytie activity is very high in the case of the 
mould grown in the medium containing 5-0 mgm. of 
cholesterol. Vitamin B,, «-tocopherol and cholesterol 
increase the activity of the lipolytic mould when 
added to the medium at a concentration of 5 mgm. 
per 200 c.c. 











Table 2 
Difference in c.c. of N/10 sodium hydroxide between | 

the sample and the blank in case of lipase from | 
pH mould grown in the medium containing: 

Cholesterol Vitamin B, a-Tocopherol 

| 

36 CO 12-3 10°5 7-2 
4°8 | 19-2 16-2 9-8 
5-2 30-6 . 22-6 15-2 | 
5:7 36-9 29-3 19-1 
6-2 | 35°3 28°8 27:9 | 
6-8 29-6 18-5 15-2 
72 22°5 10°2 8-3 | 








In order to see whether the optimum pH for the 
activity of the mould lipase is affected by adding 
these substances, the hydrolysis of groundnut oil was 
carried out using these lipases and disodium hydrogen 
phosphate - citric acid buffer of different pH. The 
results are shown in Table 2. It was found that the 
optimum pH slightly changes (5-7—6-2), depending up- 
on the nature of the substance added to the medium. 

From these observations, it’ can be seen that 
addition of cholesterol, vitamin B, and «-tocopherol 
to the medium enhances the activity of the lipolytic 
mould, and the optimum pH for its activity changes 
with the nature of the substance added to the 
medium. 

Details of this investigation have been submitted 
to Enzymologia. 
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Our thanks are due to the Indian Council of Medical Jfor a 
Research for having. awarded a research fellowship to § measu 
one of us (C. V. R.) to carry out this investigation. The 
C. V. RAMAKRISHNAN a, 
_ B. N. BANERJEE 
Department of Biochemistry, ~~ 
Indian Institute of Science, 28 
Bangalore 3. 18 
June 19. =a 
' Ramakrishnan, C. V., and Nevgi, G. V., Ann. Biochem. and Exp. ‘ 
Med., 10, No. 1-2,’ 20 (1950). It s 
figures 
muscle 
Thermal Conductivity of Human Fat ee 
and Muscle oe i 
are du: 
UntTiL recently, it was generally believed that§tions | 
human subcutaneous fat serves as an_ effective showec 
insulator. Nevertheless, we have been unable to change 
trace any record of actual measurements of the erepan 
thermal conductivity of human tissue. Bordier!, inffand S 
1898, made experiments on beef tissue by a satis- plainer 
factory method. He found the muscle to conduct iat is : 
1-8 times as well as the fat. A few other less satis- 
factory measurements were made about the same 
time with similar. results. The human case was Di 
assumed to be similar. Medics 
No further experimental work seems to have been§{ Holly 
published until 1938, when Hardy and Soderstrom?,B: pordicr 
in a paper dealing with human calorimetry, stated}: naray, 
that they had measured the conductivity of beefff' Hatfiel 
tissue, and found for fat 0-00049 cal.cm./em.*sec. °C. 24 
and for muscle 0-00047. They base on this result a 
denial that a fat person has more insulation against 
cold by reason of this fat than a thin person. Ele 


Clearly, measurements were called for on human t 
tissue, and these we have undertaken, using an 
instrument devised by one of us*, a thermo electri¢ 
heat flow disk. Pieces of fat and muscle, abou 
1 cm. thick and 5 cm. X 5 cm. or more in area, are 
placed between two thin glass plates. In the centre 
of one side of the specimen is a heat-flow disk and 
a thermo-junction connected in opposition to a similar 
junction on the other side of the specimen. Two such 
assemblies, one with fat, the other with muscle, were 
placed in an incubator with a woven-wire resistance 
heating-mat sandwiched between them. A curren 
of heat (about 40-50 kcal./m.*hr.) could thus bg 
caused to flow through the two specimens. The 
flow is at right angles to their planes in the centre, 
where it is measured by the disk, while the difference 
of temperature between the two sides of the specimen 
is measured by the coupler. The thermal conductivity 
heat-flow x thickness 
temperature-difference 
in cal.cm./cm.*sec. °C. 

Specimens of human tissue were obtained from 
hospital post-mortems, and fresh-killed beef from the 
Caledonian Market. The last five samples of humé 
tissue tested gave the following results : 
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Date | Fat Muscle Ratio operatic 
| 11.6.1951 0-000445 0-00104 2-33 animals 
i 0000415 0-00045 1-08 \@ construc 

14.6.1951 0-00047 0-00122 2-6 | tomes 
20.6.1951 0-00047 0-00095 2-02 andar 
22.6.1951 0000385 0000775 2-0 lof the d 
0000445 00108 2-42 | rabbits 
Mean 0-000488 0-00092 pithelin 
compari 


The figures for 11.6.1951 refer to two separate tissu 


:; ; ‘omplets 
pairs from different bodies, those for 22.6.1951 aré 
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ical #for a pair from the same body, each piece being 
p to f measured at two points. 
a. The values for beef were : 
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Muscle 


0°:00057 
000046 
0 -00097 


Fat | 


0-000484 
0-000495 
0-000487 


Ratio | 
1°18 

0-93 

2-0 














0000489 0 -00067 

It seems legitimate to conclude from the above 
figures that fat is a better thermal insulator than 
muscle. The latter, however, is very variable when 
measured dead; the near-constancy of the figures 
for fat shows that the variations in those for muscle 
are due to the material and not the method. Prepara- 
tions kept for a day or two at room temperature 
showed very slight change in the fat, but large 
shanges in the muscle, usually an increase. The dis- 
crepancy between the results of Bordier and Hardy 
and Soderstrom with beef tissue is thus easily ex- 
plained. The agreement with the latter’s figures for 
fat is very close. 
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H. Starrorp HATFIELD 
L. G. G. PucH 
Division of Human Physiology; 

Medical Research Council Laboratories, 

Holly Hill, London, N.W.3. June 28. 

'Bordier, H., Arch. Physiol., (5), 10, 17 (1898). 

ated ' Hardy, J. D., and Soderstrom, G. F., J. — 16, 494 (1938). 

beef’ Hatfield, H. S., and Wilkins, F. -. Sci. Instr., 27, 1 (1950). 

90, Hatfield, H. 8. J. Physiol., 111, 18 P (1960). 
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Electric Shock and the Regeneration of 
the Corneal Epithelium of Rabbits 


Ir was considered of interest to discover the effect 
of electric shock on epithelial regeneration, since there 
are indications that mitotic activity is profoundly 
aifected in shock conditions'. In order to obtain 
quantitative information, artificially produced lesions 
of the corneal epithelium of rabbits were regarded as 
a suitable object. With the aid of NizZetié’s corneal 
trepan and. a small lancet, practically identical 
lesions were made in each cornea. Each of them had 
a diameter of 4-5 mm. and for convenience was dyed 
with uranin (1 per cent) ; thus it was easy to measure 
two diameters at right angles to each other. There 
were two groups, each consisting of four animals, 
and both eyes of each animal were operated on. One 
group of animals was stressed by electrical injury 
three times a day during observation, by applying 
alternating current of 50 c./s. and 45 V. for one second. 
Convulsions lasted for nearly 60 sec., unconsciousness 
up to 180 sec. Except during the convulsions, the 
sensitiveness of the cornea was normal. The other 
»mgroup served as a control. To obtain information 
as to the speed of regeneration, the extent of the 
two diameters of each lesion was measured with a 
circle every three hours during the day-time. 
Beginning from the eighteenth hour after the 
operation, the difference between the two groups of 
animals became significant. The accompanying graph 
constructed from the average means, including 
standard errors, against time, shows the diminution 
of the diameters of the lesions in the two groups of 
tabbits. It is evident that the regeneration of the 
‘pithelium of the shocked animals is inhibited in 
tomparison with the regeneration of controls. The 
tomplete regeneration of the shocked animals was 
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retarded by more than half a day, that is to say, by 
about 25 per cent of the normal period. Comparing 
both curves of the graph, a linear function may be 
possible in either case, especially when we take into 
account the existence of an initial lag due to the 
cocainization of the eye. 

As to the cause of inhibition of regeneration, there 
are indications that sugar metabolism is affected ; 
but other disturbances may also be involved. 

MARGARETE HOLZBAUER 


R. RIGLER 
Physiologisches Institut der Universitat, 
Graz. 
May 24. 


1 Bullough, W. 8., and Green, H. N., Nature, 164, 795 (1949). 


Vegetative Propagation from the Broccoli 
Curd after Suppression of Flowering 


In the course of an inspection of early varieties of 
autumn cauliflower and broccoli grown for seed 
production in Cyprus during 1946, it was observed 
in certain crops that after the inflorescence had 
formed very few flower buds developed. Suppression 
of flower development also occurred in a seed crop 
in the Scilly Isles later that year, and in a glasshouse 
in Devon, where selected broccoli plants were being 
seeded. 

Further observations were continued in the case of 
the glasshouse crop. These plants had been trans- 
planted from the field when the curds. were visible. 
The curds were broken up by the elongation of the 
inflorescence stalks, and flowers developed. On 
certain plants a few early flowers which had been 
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pollinated continued to develop and formed seed 
pods ; but later buds turned yellow in colour, shrivelled 
and dropped before upening. At the same time the 
bracts on the inflorescence stalks started rapid 
growth, eventually forming a dense mass, and finally, 
after a few weeks, leafy shoots were observed to 
develop. 

It was found that these vegetative shoots could be 
rooted! in sand and produced plants which did not 
appear to differ in any respect from those raised from 
seed, and which formed curds at the normal season 
for the variety. 

The following year a series of curd cuttings were 
rooted and grown on until the first flower buds were 
opening, when some of the plants were transferred to a 
glasshouse where the temperature ranged from 60° 
to 80° F. The remainder of the plants were kept in 
the unheated glasshouse where the temperature at 
the time of the year ranged from 40° to 70° F. After 
four days the flower buds on the plants at the higher 
temperature were observed to be aborting, with rapid 
development of bracts. The buds on the plants at 
the lower temperature opened normally, were pollin- 
ated and produced seed. 

The results appear to follow closely mae obtained 
with Danish Ball Head cabbage, in which flowering is 
suppressed at an average temperature of 60° F.*. 

When breeding cross-pollinated species it is often 
desirable to be able to return to the original parent 
material. It is also of considerable value to be able to 
establish clones. This has not previously been 
achieved with cauliflower and broccoli. By removal to 
a temperature of 70°-80° F. for a relatively short 
period, plants which have already formed curds can 
be returned to a vegetative state. Large numbers 
of plants can then be obtained from a single curd by 
rooting the leafy shoots which develop after flower 
suppression at the high temperature. 

K. E. Haine 
National Institute of Agricultural Botany, 
Sub-Station, 
Seale-Hayne Agricultural College, 
Newton Abbot, Devon. 
* Graham, = D., and Stewart, L. B., Trans. and Proc. Bot. Soc. Edin. 


30, Pt. 3 (1930). 
* Miller, J. C., Bull, Cornell Univ. Exp. Stat. (1929). 


Could an Arms-Race end Without 
Fighting? 

Dr. L. F. RicHarpson has attempted (Nature, 
Sept. 29, p. 567) to foretell the result of the arms-race 
by means of differential equations. While his con- 
clusions are most interesting, has he investigated the 
effect of assuming slightly different initial equations 
which would appear at least as reasonable as those 
he adopts? ‘The following argument suggests a 
somewhat altered form for his equations (1) and (2). 

There would not appear to be anything particularly 
absolute in reactions to any given arms expenditure ; 
what one generation considers heavy, a succeeding 
generation considers but slight. Hence all terms in 
the equations should imply influences relative to the 
general rate of expenditure, not to the absolute rate. 
This implies that the equations should be homo- 
geneous in « and y—thus throwing doubt, in the 
case of equation (1), on the terms ky {1 — o(y — x)} 
and g. Since Dr. Richardson assumes g = 0, this 
term need not be discussed further ; but consider the 
effect on the former term of a general increase of 
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arms expenditure when, initially, {1 — o(y — z)} =< 
0-5. A doubling of expenditure by both sides would 
then reduce the ‘defence’ reaction of the first side 
to zero—a result which seems scarcely likely. 
A more reasonable form of equation (1) would 

seem to be: 

dx 

a (a) 
Assuming that a similar equation, with identical 
coefficients, governs the rate of increase of ex- 
penditure of the second side, the two simultaneous 
equations lead simply to: 


= ky — o(y — z@) — av. 





x+y = (Xo + Yo) exp[ (k — a) (t—t)] (b) 
Set = EF ap 26 — He - 


where 2» and y¥» are the values of x and y at time ¢). 
If at any time (say, when ¢ = fo), (x + y) is increas- 
ing, then k > a, and (# + y) continues to increase 
exponentially. If o>k, that is, if the ‘sub- 
missiveness’ coefficient o overrides the ‘defence’ 
coefficient k, the relative difference in arms would 
increase, again exponentially (equation c), and one 
might perhaps presume that there would be no war. 
If the reverse were true, the armed strengths of the 
two sides would become relatively almost equal, and 
one would probably regard war as_ increasingly 
inevitable. 

On this analysis, therefore, an arms-race would 
lead to war unless there were an appreciable degree 
of ‘submissiveness’—a result which is perhaps 
scarcely surprising. 

M. R. Horne 
48 Mill Road, 
Royston, Herts. 


Mr. M. R. Horne’s letter should be welcomed as 
raising questions that will not be understood until 
they have been argued. The question at issue may 
be stated thus. 


0 fd 
Let us name a (S) the ‘effective’ defence-coefii- 


cient. Now, on Mr. Horne’s hypothesis, 
C7] = 
dy 
which can: have pe sign, but cannot change sign. 
But on Richardson’s (1939) hypothesis, 


0 fdr 
Sy =) = k {1+ o(x — 2y)}, 
which can change sign according as 2y — $4 I/o. 
The common saying that ‘all bullies are cowards’ 
suggests that a change of sign occurs somewhere. 
However, the present equations are intended to 
represent the behaviour, not of individuals, but of 
nations. The effective defence-coefficient of Germany 
has been estimated from statistics of warlike ex- 
penditure, and was found to be positive during 
1908-14, negative during 1920-30, and positive again 
during 1930-39. The discussion of the submissive 
interval is at present published only in microfilm’. 
LEwIs ¥F. RICHARDSON 


= k— a, 


Hillside House, 
Kilmun, Argyll. 
October 15. 


. — L. F., ‘Arms and Insecurity”, published by the author 





No 








W.C.2), 
Industry 
GEOLC 
London, 
ROYA! 
Tropical 
Mr. Hi. | 
INSTI 
Savoy P 
Mr. R. 
Electrici 
MANC! 
SECTION 
).m.—M. 
ILLUM 
Bureau, 
cussion ¢ 


BIOME 
Institute 
Meeting | 

BRITIS 
Society, 

ard : 
General | 

ROYAL 


of Tabi 
Tropical 
Mr. F.C 
Current | 
Decembe 


“Struct 








uld 
side 


uld 


rt. 


2ase 
ub- 
1¢e” 
ruld 
one 
var. 
the 
and 


gly 


uld 
Tee 
aps 


| as 
ntil 
nay 


offi- 


gn. 


sre. 


iny 
eX- 
ing 
ain 
ive 
















no, 4282 November 24, 195] 
FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, November 26 


UNIVERSITY OF LONDON (in the Physiology Theatre, University 
College, Gower Street, London, W.C. 1), at 5.15 p.m.—Dr. W. 8. Feld- 
berg, F.R.S. : “Anticholinesterases”. 

BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (in the og 
Theatre, Science Museum, Exhibition Road, London, S.W.7), a 
6.30 p.m.—Mr, F. G. Skinner: “The English Yard and Pound”. 

INSTITUTION OF ELEOTRICAL ENGINEERS, RADIO SEOTION (at Savoy 
Place, Victoria Embankment, oe W.C.2), at 5.30 p.m.—Dis- 
cussion on “Should Broadcasting be Superseded by Wire Distribu- 
tion ?”’ (to be opened by Mr. P. P. Eckersley). 

SocrgTY OF CHEMICAL INDUSTRY, LONDON SECTION (joint meeting 
with the LONDON AND SOUTH-EASTERN COUNTIES SECTION of the 
ROYAL [NSTITUTE OF CHEMISTRY and the WOOLWICH POLYTECHNIC 
ScIENTIFIC oe. at the Woolwich Polytechnic, Woolwich, London, 
§.E.18), at 7.30 p.m.—Dr. F. Wormwell: ‘Corrosion Processes— 
their Cause pa Prevention”. 








Tropical Medicine, Keppel 
Mr. F. C. Rs 


Current Keevietes on Nature of Viruses”. 
December 4, 6 and 11. 


Tuesday, November 27 


RoYAL Socrgety OF ARTS, Cerna SEOTION wt tog Adam 
Street, Adelphi, London, W.C. pr 215 p.m.—Prof. Deben- 
ham: “The Water Problems of tafricn 

ROYAL ANTHROPOLOGICAL INSTITUTE (at 21 Bedford Square, 
London, W.C.1), at 5.30 p.m.—Dr. Elizabeth Colson: “Social Control 
and Vengeance ‘in Plateau Tonga Society”. 

SocIETY OF PUBLIC ANALYSTS AND OTHER ANALYTICAL CHEMISTS, 
PHYSICAL METHODS GROovP (at ie] Chemical Society, Burlington 
House, Piccadilly, London, W.1), at 6 p.m.—Seventh Annual General 
Meeting ; Mr. B. S. Cooper : “Light Sources in Chemical Analysis and 

esting’. 

SoclETY OF INSTRUMENT TECHNOLOGY (at the Royal Society of 
Tropical Medicine and Hygiene, Manson House, Portland Place, 
London, W.1), at 6.30 p.m.—Mr. K. F. H. Murrell: “The Visual 
Presentation of Instrument Data’. 

INSTITUTION OF ELECTRICAL — (at Savoy Place, Victoria 
Embankment, London, W.C.2), a p.m.—Mr. T. R. Boys: “The 
bee te Working Scale Models in “A SSovelopenent of Broadcasting 

a 

ROYAL METEOROLOGICAL SOCIETY, MIDLAND CENTRE (at the Mid- 
land Institute, Paradise Street, Birmingham), at 7.15 p.m.—Sir 
Robert Watson-Watt, F.R.S.: ‘The Uses of Radar in Meteorology”. 


Tuesday, November 27—Wednesday, November 28 


INSTITUTION OF GAS ENGINEERS (at the Institution of Mechanical 
Engineers, Storey’s Gate, St. James’s Park, London, S8.W.1), at 10 a.m. 
tach day.—17th Autumn Research Mee ting. 


Wednesday, November 28 


RoyaL Society oF Arts (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 p.m.—Dr. Edward Hindle, F.R. $.: “The Whaling 
Industry” (Trueman Wood Lecture). 

GEOLOGICAL poy gad OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Scientific Papers. " 

ROYAL StTaTIstTIcAL Socrety (at the London School . pees and 
Tropical Medicine, Keppel Street, London, W.C.1), at 5.15 p 
Mr. H. 8. Houthakker: “The Econometrics a Family Budgets”, 

INSTITUTION OF ELECTRICAL ENGINEERS, SUPPLY yey? (at 
Savoy Place, Victoria Embankment, London, W.C.2), at 5.30 p.m.— 
Mr. R. B. Rowson: “A Statistical Approach to some Problems in 
Electricity Supply”. 

MANCHESTER LITERARY AND PHILOSOPHICAL SOCIETY, CHEMICAL 
SECTION (at the Portico Library, Mosley Street, Manchester), at 5.45 
).m.—Mr, A. N. Leather: ‘Good Food, Clean Water and Pure Air”. 

ILLUMINATING ENGINEERING Society (at the Lighting Service 
Bureau, 2 Savoy Hill, London, W.C.2), at 6 p.m.—Report and Dis- 
cussion on the 1951 Meeting of the C.1.E. 


Thursday, November 29 


BIOMETRIO SOCIETY, BRITISH REGION (at the Wellcome Research 
Institute, 183 Euston Road, London, N.W.1), at 2.15 p.m.—Annual 
Meeting; Scientific Papers. 

BRITISH GLACIOLOGICAL Soocrety (at the —_ Geographical 
Society, 1 Kensington Gore, London, S.W.7), at 4.30 p.m.—Mr. W. H. 
Ward: “The Barnes Ice-Cap in Central Baffin Island” ; ‘Annual 
General Meeting. 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
5.15 p.m.—Sir Harold Spencer Jones, F.R.S. Distance Measure- 
ments in Astronomy”. (Further Lectures on elaiber 6 and 13.) 

INSTITUTE OF PETROLEUM (at Manson House, 26 Portland Place, 
Jonen, ' wall. * 5.30 p. grhg te r a and pe. Cc. G. verve : 

or ress: e cosity-Temperature Relatio: 
of Lubricating oils"".* om ‘ “se — 

UNIVERSITY OF LONDON (at the London = of Rad ee and 
treet, London, W.C.1), a 0 p.m.— 

“The Scientific Basis ‘Medicine 16, 
(Further Lectures on 


Bawden, F.R.S. : 


ROYAL Pebrtine dard Soocrety (at the Institution of Civil Recinows, 
Grea’ t George Street, London, 8.W.1), at 6 p.m.—Mr. H. H. G 
Structural Problems in Advanced Aircraft’. 
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Friday, November 30 


Roya Society (at ate mone Piccadilly, London, W.1), 
at 2.30 p.m.—Anniversary M 

COUNCIL FOR THE Tecan a oF Fretp StuprEs (at Goldsmiths’ 
Hall, Foster Lane, Nagy ny London, E.C. 2), at 5 p.m.—Annual 
General Meeting; Dr. ur Raistrick: “‘The Bone Recorder and 
other Archeological em og on Malham Moor’’. 

INSTITUTION OF MECHANICAL ENGINEERS (at Storey's Gate, St. 
James’s Park, London, 8.W.1), at 5.30 p.m.—Dr. S. Chung and 
Prof. H. W. Swift : “Cup-Drawing from a Flat Disas~inapertenental 
and ‘Analytical Investigations”. 

INSTITUTION OF ELECTRONICS, — WESTERN BRANCH (at the 
College of Technology, Manchester), at 7 p.m.—Dr. T. Kilburn: “The 
Use of Cathode Ray Tubes in Digital Computing Machines’’. 


Saturday, December | 


LONDON CouNTY COUNCIL (at the Horniman Museum, London 
Road, Forest Hill, London, 8.E.23), at 3.30 p.m.—Mr. A. D. Lacaille : 
“Stone Age Tools”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

PRINCIPAL (graduate of a university in the United Kingdom, with 
first- or second-class honours, or higher degree, in science or engineer- 
ing) OF THE NEATH TECHNICAL COLLEGE—tLhe Director of Education, 
County Hall, Cardiff (November 30). 

ASSISTANT, Grade B, IN Puysics—The Principal, Royal Technical 
College, Salford (December 1). 

ASSISTANT MASTER (in the Secondary Technical School for Boys) 
to teach CHEMISTRY throughout the school—The Clerk to the Govern- 
ors, Woolwich Polytechnic, \ oolwich, London, 8.E.18 (December 1). 

ASSISTANT LECTURER IN APPLIED Oprics—The Registrar, College 
of Technology, Manchester 1 (December 3). 

SENIOR ASSISTANT ENGINEER in the Generation (Operation) De- 

rtment at Divisional headquarters—The Divisional Secretary 

Establishments), British Electricity Authority, North-Eastern Divi- 
sion, Carliol House, Newcastle-upon-Tyne 1 (December 3). 

WATER SUPPLY ENGINEER in the Water Works Sub-Department 
of the Public Works Department, Ceylon—The High Commissioner 
for Ceylon in the United Kingdom, 13 Hyde Park Gardens, London, 
W.2 (December 5). 

ADVISORY OFFICERS (with a recognized degree in botany or 
culture and a ———. towards grassland work) at the Sports Turf 
Research Institute—The Secretary, St. Ives Research Station, Bingley, 
Yorks. (December 8.) 

AERODYNAMICISTS, PHYSICISTS and ENGINEERS (Scientific Officer 
(Ref. C.678/51A) and oe tree Officer (Ref. C.679/51A) grades), 
at a Ministry of Su upply research establishment in Hampshire, 
for work concerned with problems of heat transfer, aerodynamics, 
projects and performance in the increasingly important field of gas 
turbine research—The Ministry of Labour and National Service, 
Technical and Scientific Register (K), Almack House, 26-28 King 
Street, London, S.W.1, quoting the appropriate Ref. No. (December 8). 

LECTURER IN PHYSICS—The Registrar, The University, Sheffield 
(December 8 

ASSISTANT CIVIL ENGINEER in connexion with the design, mainten- 
ance and construction of dock and harbour works—The Secretary, 
Tyne Improvement Commission, Bewick Street, Newcastle-upon- 
Tyne 1 (December 14). 

EXPERIMENTAL OFFICER in the Mechanical Engineering Research 
Organization (Department of Scientific and Industrial Research), for 
research work on the plastic deformation of metals occurring in com- 
mercial processes such as rolling, deep drawing, forging, pressing, wire 
drawing, tube drawing, extrusion, etc.—The Ministry of Labour and 
National Service, Technical and Scientific Register (K), Almack 
pone 26 King Street, London, 8.W.1, quoting C.680/51A (Decem- 

r 15). 

LECTURER or ASSISTANT LECTURER (with a University degree in 
agriculture, preferably with honours, or postgraduate work in Crop 
Husbandry and/or Horticulture) IN AGRICULTURE (Crop Husbandry), 
and a LECTURER or ASSISTANT LECTURER (with a University degree 
in either Chemistry, Geology or Agriculture with postgraduate ex- 
perience in Pedology) IN PEDOLOGY, in the Faculty of Agriculture, 
University College of Khartoum—The Secretary, Inter-University 
Council for Higher Education in the Colonies, 1 Gordon Square, 
London, W.C.1 (December 15). 

LECTURERS IN ELECTRICAL ENGINEERING, CIVIL ENGINEERING, 
MECHANICAL ENGINEERING, NAVAL ARCHITECTURE, PRODUCTION 
ENGINEERING, GEOLOGY. APPLIED CHEMISTRY, METALLURGY, MATHE- 
MATICS, OPTOMETRY, APPLIED PHYSICS, PHILOSOPHY (special reference 
to scientific method), ECONOMICS, ECONOMIC HISTORY, ARCHITECTURE, 
and ENGLISH, at the New South Wales University of Technology— 
The Agent-General for New South Wales, 56-57 Strand, London, 
W.C.2 (December 15). 

RESEARCH OFFICER (Physical Chemist, Infra-Red Rapetoosesan) 
IN THE BIOCHEMISTRY UNIT, Wool Textile Research Labo 
Melbourne—The Chief Scientific Liaison Officer, Australian Solent ¢ 
Liaison Office, Africa House, Kingsway, London, W.C.2, quoting No. 
3626 (December 15). 

ScIENTIST, Grade I, at the Central Research Establishment, Stoke 
Orchard, Cheltenham, to assist in the supervision of chemical and 

physical research, fundamental to the carbonization of coal—The 
Kational Coal Board, Establishments (Personnel), Hobart House, 
Grosvenor Place, London, 8.W.1, quoting TT/397 (December 15). 

ScIENTISTS, Grade II (with a goo ood honours dogree in — at 
the Laboratories in Leeds and Sheffield—The National Coal Board, 
Establishments (Personnel), Hobart House, Grosvenor Place, London, 
§$.W.1, quoting T'T/398 (December 15). 
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SENIOR ScTENTIFIC OFFICERS and SCIENTIFIC OFFICERS at Admiralty 
experimental! establishments in the vicinity of London, Greenock, 
Haslemere, Portsmouth, Rosyth and ba ip mouth :. PHYSICISTS (Ref. 
A.336/50A) = of undertaking research or develo ps mei in general 
physical problems, electronics, acoustics or thermodynamics, ELEC- 
TRICAL ENGINEERS (Kef. D. 367/50A) qualified to undertake research, 
development or design in telecommunications, radar, electronics, 
instrumentation or light electrical mechanisms, and MECHANICAL 
ENGINEERS (Ref. C.631/50A) capable of design, development or 
research work in light mechanisms, structures or hydrodynamices— 
The Ministry of Labour and National Service, Technical and Scientific 
Register (K), Almack House, 26 King Street, London, S.W.1, quoting 
the appropriate Ref. No. (December 15). 

SENIOR SCIENTIFIC OFFICERS at a Ministry of Supply experimental 
establishment in Southern England for (a) research work in connexion 
with aircraft flight testing, and (b) to lead a team in aeronautical 
research work connec with the development of flight testing and 
operating technique for helicopters—The Civil Service Commission, 
Scientific Branch, Trinidad House, Old Burlington Street, London, 
W.1, quoting S 4104/51 (December 20). 

LECTURER IN ANIMAL HUSBANDRY—The Registrar, The University, 
as x i (December 31). 

1.C.I. RESEARCH FELLOWSHIPS IN BIOCHEMISTRY, CHEMISTRY, 
ey Veoar ap neg or PxHysics—The Secretary, The 
University, Edinburgh (March 

AFRONACTICAL and eee ENGINEERS (Scientific Officer 
grade) mainly in the Aerodynamics and Structures Departments of 
the Royal Aircraft Establishment, South Farnborough—The Ministry 
of Labour and National Service, Technical and Scientific Register (K), 
Almack House, 26 King Street, London. S.W.1, quoting (.596/51A. 

ASSISTANT, Grade B (with honours chemistry degree, and prefer- 
ably teaching experience to B.Sc. (general) and A.R.I.C. standard), 
FOR CHEMISTRY—The Clerk to the Governors, Mid-Essex Technical 
College and School of Art, Market Road, Chelmsford. 

ASSISTANT DRILLING ENGINEER (with a degree in mechanical or 
mining engineering. or equivalent institute qualifications, with prac- 
tical experience) in the Public Works Department (Geological Survey), 
Sudan—The Sudan Agent in London, Wellington House, Buckingham 
Gate, London, S.W.1, endorsed ‘Assistant Drilling Engineer 4/161’. 

ASSISTANT LECTURER (University graiuate in engineering, or equiva- 
lent qualification) IN MECHANICAL ee Principal, 
College of Technology and Arts, Rugb: 

ASSISTANT PHYSICIST at the Hogarth Radiotherapeutic Centre— 
The Secretary, General Hospital, Nottingham. 

DESIGN ENGINEERS to undertake the duties of project engineers, 
including the design of special plant and equipment and the layout 
required for etficient manufacturing processes—The Ministry of 
Supply, Division of Atomic Energy (Production), Risley, Warrington, 

nes, 

ELECTRICAL ENGINERR (Electronic) on the headquarters staff at 
the London office—The Crown Agents for the Colonies, 4 Millbank, 
London, 8.W.1, quoting M.28544.B. 

ELECTRONIC’ PHYSICISTS and ENGINEERS (Experimental Officer 
grade) at a Ministry of Supply research establishment in the South- 
East of London: ELECTRICAL ENGINEER (Kef. D.491/51A) with 
experience of aircraft radar installation and maintenance, and a 
PHYSICIST (Ref. A.336/51A) with experience in the generation and 
reception of signals in the V.H.F./U.H.F. region, or in the production 
and handling of short duration pulses—The Ministry of Labour and 
National Service, Technical and Scientific Register (K), Almack 
— 26 King Street, London, S8.W.1, quoting the appropriate Ref. 


ENGINEER at a Ministry of Supply establishment in Bickley, Kent, 
to direct the inspection of the preservation, identification an pack- 
aging of electrical, mechanical and telecommunications equipments 
and stores, and to be responsible for general policy and design in this 
ol here—The Ministry of Labour and National Service, Technical and 

ientific Register rm), Almack House, 26 King Street, ‘London, S.W.1, 
quoting C.363/51A 

INDUSTRIAL CHEMIST to interpret basic chemical research to 

engineers engaged in the design of chemical plants and to advise on 
the design of these plants—The Ministry of Supply, Division of Atomic 
Energy (Production), Risley, Warrington, Lancs. 

OFFICER-IN-CHARGE (graduate in culture, en with Ph.D. 
and with at least five years post uate experience in experimental 
work), Tobacco Research Station, Trelawney, Southern Khodesia— 
The Secretary, Tobacco Research Board of outhern Rhodesia, P.O. 
Box 1909, Salisbury, Southern Rhodesia (apply by air mail). 

PHARMACEUTICAL CHEMIST (with at least ten years practical research 
and ——e experience) at Lady Hardinge Medical College, New 

ecretary (Division 5A), Ministry of Health, Savile Row, 


PHYSICISTS and ENGINEERS (Principal Scientific Officer grade) at 
Royal Naval Scientific Service research and development establish- 
ments in the South of England: Puysicists and ELECTRICAL ENG- 
INEERS (Ref. A.340/51A) who have specialized in electronic devices 
and circuitry, and MECHANICAL ENGINEERS (Ref. C. nego who have 
specialized in electro-mechanical devices and servo mechanisms— 
The Ministry of Labour and National Service, Technical a and Scientific 
Register (K), Almack House, 26 King Street, London, 8.W.1, quoting 
the appropriate Ref. No. 

RESEARCH and DEVELOPMENT ENGINEERS and TECHNICAL ASSIST- 
ANTS at the Ministry of Supply Factory, Capenhurst, Chester, to 
participate in the work of a team engaged in <4 pilot plant stage of 
translating physical and chemical research to the plant stage—The 
Ministry of Supply, Division of Atomic Energy (Production), Risley, 
Warrington, Lancs., stating post applied for. 

SCIENTIFIC OFFICERS at the Min es of Supply gen J at Capen- 
hurst, Chester, to undertake original research of a physical nature 

ted toward the design and development of an atomic energy 
factory and to collaborate with the engineering organizations responsible 
for the building and ay of the factory—The Ministry of Supply, 
Division of Atomic Energy (Production), Risley, Warrington, Lancs. 

SENIOR SCIENTIFIC OFFICER (Ref. C.669/51A) to lead a section in 
special investigations chiefly concerning Naval Aviation and related 
mechanical problems, a SCIENTIFIC OFFICER (Ref. A.341/51A) for work 
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connected with out-of-door instrumentation, EXPERIMENTAL OFFICEI 
(Mechanical Engineers) (Ref. C. pease) to pep ken with the developme 
of special flight-deck equipment for naval aircraft, and an ASSISTAN' 
EXPERIMENTAL OFFIceR (Physicist) (Ref. ‘A.342/51A) to carry ou 
electronic methods of measurements, in which work initial training 
will be given, in the Naval Aircraft ent of the Royal Airc 
Establishment, Farnborough—The Ministry of Labour and Nation: | 
Service, Technical and Scientific Register (K), Almack House, 26 Kin 
Street, London, S.W.1, quoting the appropriate Ref. No. 
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Great Britain and Ireland 
Productivity Team Report. The Hop Industry: Report of a Visi 
to the U.S.A. and Canada in 1950 of a Productivity Team representi 
the Hop Industry. Pp. ix+113+35 plates. (London and New York 
Anglo-American Council on Productivity, a, 98. 6d. [109 
Fair Isle Bird Observatory. Annual Report 1950. Pp. 48. C6 
lastict 


wick: Fair Isle Bird Observatory, 1951.) 2s. 6d. 
British Standard 1755: 1951, Glossary of Terms used in the P| 
—- Pp. 59. (London : : British Standards [nstitution, Isla 
The Extent of Centralisation : a Discussion based on a Case Stud 
in the Coal Industry. (National Industry Series 6 and 7.) Part 1 
Pp. iii+20. Part 2. Pp. iii+21-44. "Uclaygate : : Acton Boclet 
Trust, 1951.) 2s. each Part. [10g 
Department of Scientific and Industrial Research. Report of the 
Mechanical Engineering Research Board, with the Report .. . 
Director of Mechanical Engineering Research for the Period Ma 
to December 195. Pp. iii+39+8 plates. (London: H.M. Stati AG V 
Office, 1951.) 2s, 6d. net. {109 
Royal Institute of Chemistry. Lectures, Monographs and Repo 
1951, No. 2: Organisation for Develo ment in a Chemical Com mee { 
By Edward A. O’Neal. (Twelfth Gluckstein Memorial 
Pp. 21. (London: Royal Institute of Chemistry, 1951.) 3s. ty 


net. [10 
Scientific Proceedings of the Royal Dublin Society. Vol. 25 (N. 8) 
No. 18: Periodic Classifications of the Biological Elements. By W 
Fearon, Pp. 235-238. (Dublin: 
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Royal Dublin Society, 1951) 


Other Countries 


Union of South Africa: Department of Mines, Geological Serie 
Bulletin No. 19: Fluvial Andalusite = in the Marico Distric! 
By D. P. Van Rooyen. Pp. ii+18. Geological Series Bulletin 
No. 20: Earthquakes in South Africa. "he Dr. L. J. Krige and B. D 
Maree. Pp.ii+14. 18. (Pretoria: Government Printer, 1951, ) [109 

United States Department of Agriculture. Circular No. 869 
Control of ngertoin © ne and Manemetuzed Tobacco, By Jen N 
Tenhet and C. 5 cents. Circular No. 876: 
of Honey Bees in Mita eed yee By George H. Vanse 
FD s 5 cents. (Washington, D.C.: Government Printing omer 
1951 

Institut des Parcs Nationaux du Congo Belge. Contribution 
I’étude éthologique des mammiféres du Pare National de I'Upemb 
Par R. Verheyen. Pp. 162+20 plates. (Bruxelles: Institut de 
Parcs Nationaux du Congo Belge, 1951.) [10 

Comite International de Thermodynamique et de Chimie électro 
chimiques (International Committee of Electrochemical Thermo 
dynamics and Kinetics). Comptes gue de la Ile Réunion (Procee 
ings of the Il4 Meeting), 1950. Pp. xvi+408+6 plates. (Milano 
Cesare Tamburini, 1951.) 3800 lire. Il 

Scientific Institutions and Scientists in Latin-America. 

Vol. 1. Pp. iii+177. yet Ae Unesco Centro de Cooperacién 
Cientffica Th ‘taae Latina, _ (119 
Latin America Contribution to Scientific Progress: Chemistry 
as en" By Prof. Venancio Deulofeu, in collaboration with P 
J. Maffei, Prof. Rafael [llescas and Prof. Fortunato Carran 
Pp. 50. (Montevideo : Unesco Centro de Cooperacién Cientftica pi pa 
rica 

List of Scientific and Technical ee he in South-Eas 
Asia (Philigeions, See, Malaya, nd. On Hon, 

ong). Revi ition. Pp. = (Manila Unesco Ea 
‘Asia Science Greases Office, 1951.) [12! 
Meddelelser fra Kommissionen for Dope Fiskeri- og Havundei 
segelser. Serie Fiskeri, Bind 11, Nr. 6: Animal Production in th 
Danish Waddensea. By Erik L. M. Smidt. Pp. 151. (Kebenhavao 
C. A. Reitzels Forlag, 1951.) 24 kr. (1 

University of Illinois : eas Experiment Station. Bulleti 

No. 388: Cleavage Fractures of Ship Plates. By Prof. Wilbur M 
Wilson, Robert A. Hechtman and Prof. Walter H. Bruckner. . 9 
1 dollar. Bulletin No. 389: An Evaluation of the Hardenin 
of Quenching Media for Steel. By Earl J. Eckel, Ross LS viel 
Glen W. Wensch and Frank Rough. Pp. 131. 50 dolla 
Bulletin No. 391: Radiant Baseboard Heating and ifects of Reduce 
Thermostat Setting and nen, <a Windows at Night. By Pro 
Warren S. Harris and Robert H. .67. 75 cents. Bulleti 
No. 395: Almost Sinusoidal Oacilations in fonlinear 8: 
Introduction; Simultaneous Oscillations. By Prof. Johannes 
Schaffner. Pp. 64. 60cents. Circular No. 62: Preparing Technica 
Material for Publication ; a Manual for Authors of College and Statio} 
Publications. By Lisle A. Rose, Prof. Elmer F. Heater and George f 
Foster, % cents. (Urbana, Ill.: University of Tllinoi 
1951.) [1 

Catalogues 

Wormal: New Flock Treatment for Control of ee 
Roundworms and Cecal Worms. Pp. 6. (Charles City, Towa: 2D 
Salsbury’s Laboratories bey 

Service to Science. No. OR 4. No. 20. Pp. 4. (Croydon 


Townson and Mercer, Ltd., 


! 








